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BALTIMORE 

Many diseases of the blood are associated with striking changes 
in the morphology of the spleen. Often, indeed, the gross change 
in this organ is the dominating feature of the clinical picture. Much 
has been written concerning these changes, but as yet little progress 
has been made in the attempt to correlate changes in the spleen 
with clinical symptoms. 

There is considerable uncertainly about our knowledge of the 
functions of the spleen. That this organ has important functions, 
however, can hardly be questioned. There is, for example, consider- 
able evidence to show that the spleen may have a marked influence 
on hemolysis. It is but a step then to assume that there may exist 
for the spleen conditions associated with a hyperactivity of some ot 
its functions, let us say the function of influencing hemolysis. To 
such a condition the term “hypersplenism” may be applied. Con- 
versely, a condition of decreased function may be conceived to be 
within the range of the organ activity, a state of hyposplenism. 
Similar conditions have been found to exist in the metabolic activities 
of the thyroid and pituitary glands. 

In the case of these glands, striking clinical symptoms have been 
grouped together into rather characteristic pictures of hyperactivity 
and hypo-activity of the thyroid and pituitary. If it can be shown | 
that important clinical symptoms consistently point to a hyperfunction 
of the spleen, and that these symptoms disappear or are strikingly 
mitigated when the spleen is removed from the body, an important 
step will have been taken toward defining the changes in function of 
the spleen. 

Some evidence has already accumulated to render probable the 
existence of these states of changed function. It will be my purpose 
to review briefly the more important contributions to this subject. 

It was with the hope of adding some further facts to the knowledge 
of the pathology of the spleen that these studies were undertaken. 
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More particularly, the object was to investigate closely the relation 
of the spleen to hemolysis, for therein lay, in my judgment, a prom- 
ising path for adding to the knowledge of the etiology of various 
types of anemia. 

One road of approach to the problem has been opened up by 
the studies of Faust and Tallquist.._ They offered an explanation 
of the anemia caused by the Bothriocephalus latus. In the proglottis 
of the parasite there is formed a powerful hemolytic substance, choles- 
terin oleic acid. The oleic acid combination is split in the stomach 
of the host, and the free oleic acid combines with alkalies and is 
absorbed as a soap. In this way the soap, which iniures the red 
blood-cells. producing hemolysis, gets into the circulation, while the 
cholesterin passes out unchanged in the feces. 

Oleic acid belongs to the series of unsaturated fatty acids, and 
this work at once suggests the interesting possibility that the human 
organism in disease may produce hemolyzing, unsaturated fatty 
acids. Furthermore, it is of greatest importance to ascertain if the 
elaboration of such acids can be ascribed to any of the organs of the 
body. Our attention is at once directed to the spleen, as a fruitful 
possibility, more particularly because previous work in the literature 
indicates that the spleen is capable of influencing definitely the pro- 
duction of hemolysis and icterus. 

It will be of interest to review briefly this evidence. Joannovics 
and Pick? have presented some important facts in their studies on 
toluylendiamin poisoning. They point out that a distinction must 
be made between the acute and chronic forms of poisoning. In the 
acute cases in the salt solution extract of the liver there is found 
an intensely working hemolysin, which is not influenced by extirpation 
of the spleen, and is probably produced by the immediate influence 
of the poison. The liver in the acute form does not show fatty 
changes. 

In the chronic form there occurs a second hemolysin, which appears 
to run parallel to the fatty changes in the liver and is influenced by 
extirpation of the spleen. This hemolysin may be identical with that 
hemolytic substance which arises as a result of fatty organic changes 
(that is, autolysis), and consists essentially of low and higher fatty 
acids. The influence of splenectomy is to lessen the intensity of the 
fatty changes occurring in the liver. A salt solution extract of the 
normal liver produces practically no hemolytic action; this is also 
true of a normal kidney. The greater part of the intensely hemolytic 


1. Faust and Tallquist: Ueber die Ursachen der Bothriocephalusanaemia, 
Archiv. f. exper. Path. u. Pharmakol., 1907, lvii, 367. 

2. Joannovics and Pick: Beitrag zur Kenntniss der Toluylendiaminvergiftung, 
Ztschr. f. exper. Path. u. Therap., 1909, xii, 185. 
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substance in the fatty liver is oleic acid. The abundant appearance 
of oleic acid and other higher fatty acids (palmitic and_ stearic) 
in the liver of toluylendiamin-poisoned dogs can be brought into 
agreement with the change worked in the organs by the toluylen- 
diamin, namely, fatty metamorphosis and necrosis of the liver 
parenchyma. 

As a result of removal of the spleen, Joannovics and Pick? found 
that dogs tolerated greater doses of the drug without showing icterus. 
They are of the opinion that after splenectomy there results a marked 
diminution in the building of higher unsaturated fatty acids in the 
liver of cases of subacute and chronic toluylendiamin poisoning. 

In a second paper Joannovics and Pick* found that from the liver 
of acute yellow atrophy and phosphorus poisoning in man and animals, 
hemolysins of great activity could be obtained. Furthermore, in 
experimental phosphorus poisoning, these fatty acids can be found 
in great quantities in the blood. They suggest the explanation that 
the hemolytic effect of the liver extracts in these conditions is due to 
the unsaturated fatty acids they contain. Probably these unsaturated 
fatty acids are freed from their normal lecithin-like combination by 
the tissue destruction of the toxin or the chemical. 

Joannovics,* in another manner, tested the influence of the spleen 
on hemolysis by making a fistula between the splenic vein and the 
left renal vein, thus diverting the splenic blood into the inferior 
vena cava. Animals so prepared were found to tolerate toluylendiamin 
better than normal animals. Joannovics gives the following conception 
of the action of toluylendiamin under different conditions: 

In normal animals the toluylendiamin to a certain extent and the 
spleen to a great extent destroy the red blood-cells, and the spleen 
takes out the decomposition products of the red blood-cells and passes 
them on to the liver through the portal vein. The material for 
building bile-pigment is thus overabundant, and the liver makes an 
excessive amount of concentrated bile. There result stasis and reab- 
sorption, causing icterus. The destruction of red blood-cells in the 
spleen causes the anemia, and the changes in the liver, the icterus. 
With the spleen removed, we have separated the organ for destroying 
the red blood-corpuscles loaded with toluylendiamin. These remain 
in the circulation. The animal loses weight from poor nutritional 
conditions. Larger doses of the drug cause some destruction of 


3. Joannovics and Pick: Ueber hamolytisch wirkende freie Fettsamen in 
der Leber bei akuter gelber Atrophia und Phosphorvergiftung, Berl. klin. 
Wehnschr., 1910, xx. 

4. Joannovics: Ueber die Auschaltung der Milz aus dem Pfortaderkreislauf, 
Separat-Abdruck aus den Verhandlung der Deutschem Pathologische Gesell- 
schaft, v. 
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red blood-cells, and there results anemia. Consequently, there comes 
eventually to the liver an increased amount of blood-pigment, and 
in the end icterus results, as in the previous case. 

When a spleen-kidney vein fistula is made, the spleen remains in 
the body, and has the power to destroy red blood-cells and withhold 
them, but cannot pass them on to the liver directly. Therefore 
anemia is the first symptom here. The liver is not subjected to 
harmful decomposition products in so great amounts. Later, however, 
sufficient amounts of blood-pigment reach the liver to cause icterus 
as in the other cases. Joannovics concludes that toluylendiamin is a 
hemolytic substance in the sense that it only injures the red blood- 
cells, and does not completely destroy them. The spleen is necessary. 
It dissolves the injured red blood-cells and thereby subjects the liver 
to increased metabolism of the blood-pigments. 

Pearce® and his collaborators have made important studies of the 
function of the spleen. Their attention has been directed to the 
broad problem of the “Relation of the Spleen to Blood Destruction 
and Regeneration and to Hemolytic Jaundice.” They have made 
observations of great value to the subject, and the salient points of 
their work must be presented before attempting to pass to the clinical 
aspect of the problem. 

They found that after removal of the spleen, the resistance of the 
red blood-corpuscles increased. This was not noted before the ninth 
day, and did not increase after this up to seven and a half months. 
Furthermore, after splenectomy the injection of hemolytic serums 
could cause hemoglobinuria, but this was not followed by jaundice. 
Important was the finding that bile pigments appear in the urine 
of a splenectomized dog within twenty-four hours after the tying of 
the common bile-duct, thus ruling out the possibility that the absence 
of the spleen may have an effect on the elimination of bile. 

The removal of the spleen was not found to change the threshold 
for jaundice; that is, the amount of hemoglobin necessary to be 
retained to produce jaundice was the same as in normal animals 
(0.22 gm. per kilogram). Elimination of hemoglobin by the kidney 
is a trifle slower than in normal animals. In other words, these 
investigators have shown that the absence of the spleen does not 
prevent the liver from forming bile-pigments from hemoglobin, or 
the kidneys from eliminating it. They offer lucid explanations for 
the occurrence of cases of jaundice without hemoglobinuria and 
jaundice continuing after the disappearance of a transient hemo- 
globinuria. In the former case there may be a gradual slow destruc- 


5. Pearce, Austin and Evans: Reactions to Hemolytic Serum at Various 
Intervals After Splenectomy, Jour Exper. Med., 1912, xvi, 363. 


| 
| 
| 
| 
| 
= 
| 


JOHN H. KING 149 


tion of red blood-cells. “The liver removes the hemoglobin so rapidly 
that the concentration of hemoglobin in the serum does not reach 
the threshold value of the kidneys, and therefore hemoglobinuria does 
not occur.” In the latter case, “rapid destruction of blood raises the 
concentration of hemoglobin in the serum so rapidly that the threshold 
value of the kidney is quickly exceeded and hemoglobin occurs in 
large amounts in the urine. When an amount of hemoglobin sufficient 
to reduce the concentration of the serum below the threshold value of 
the kidney has been removed, a considerable amount of hemoglobin 
may remain in the serum, and it is the slow elimination of this 
through the liver that causes the cholemia to continue.” 

In another paper, attention is called to the possibility that the 
failure of hemolytic serums to cause jaundice is associated with the 
anemia, which follows splenectomy. It might be due to the low 
hemoglobin content of the red blood-corpuscles. 

Musser, Jr.,° had found that in dogs following splenectomy there 
occurred an anemia reaching as low as 2,800,000 and hemoglobin 
from 50 to 65 per cent. The animals did not return to normal 
for about four and a half months. 

Pearce and his collaborators® noticed that jaundice occurred spon- 
taneously from three and a half to four months after splenectomy, 
and suggested that it may be due to overregeneration of the blood 
leading to high red blood and hemoglobin values. An interesting 
correlation is made out: 

The period during which jaundice failed to follow hemolysis corresponds to 
the period of blood degeneration. 

The period of increased resistance of the red blood-cells corresponds to the 
period during which regeneration of the blood was occurring. 


The period of spontaneous jaundice corresponds to the period of more or less 
complete return of red blood-cells and hemoglobin to normal. 


Pearce found that the mechanism of the increased resistance of 
the red blood-cells after splenectomy depends on the corpuscles rather 
than the serum. There is no increased antihemolytic property of 
the serum of the splenectomized animals. 


6. Pearce, Austin and Eisenbrey: The Relation of Hemoglobinemia to 
Hemoglobinuria and Jaundice in Normal and Splenectomized Animals, Jour. 
Exper. Med., 1912, xvi, 375. Pearce, Austin and Musser: The Changes in the 
Blood Following Splenectomy, and their Relation to the Production of Hemolytic 
Jaundice, ibid., 1912, xvi, 758. Karsner and Pearce: A Study by the Methods 
of Immunology, of the Increased Resistance of the Red Blood-Corpuscles After 
Splenectomy, ibid., 1912, xvi, 769. Pearce and Austin: Change in the Endothe- 
lial Cells of the Lymph Nodes and Liver in Splenectomized Animals Receiving 
Hemolytic Serums, ibid., 1912, xvi, 780. Musser, J. H., Jr.: An Experimental 
Study of the Changes in Blood Following Splenectomy, THe Arcurives INT. 
Mep., 1912, ix, 592. 
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No explanation has been found as yet for the increased resistance 
of the red blood-corpuscles after splenectomy. Pearce thinks that 
this phenomenon is associated with the anemia, “since increased 
resistance of the red blood-cells is a concomitant of the regeneration 
of the blood which follows anemia caused by removal of the spleen.” 

Further studies by these workers’ regarding the nature of the 
anemia following splenectomy brought out some interesting facts: 
The anemia makes its appearance rapidly, and reaches its height in 
from three to six weeks. The decrease in hemoglobin occurs more 
quickly and is more marked than that of the red blood-cells. Likewise, 
in improvement, the hemoglobin lags behind the red blood-cells. 
A leukocytosis is a constant accompaniment of the anemia. The 
normal blood-picture is not reached until from five to ten months 
after the splenectomy. Observation*® of splenectomized dogs for over 
a year showed that the animal retained the same increased resistance 
of the red blood-cells and the same lessened tendency to hemolytic 
jaundice. 

In another communication, Krumbhaar and Musser’ point out 
that the anemia caused by injection of hemolytic serum was more 
severe in the splenectomized dog than in the normal control, and 
that the period of repair of the anemia was likewise longer in the 
splenectomized animal. Similarly the anemia following injection 
of sodium oleate and also resulting from hemorrhage is more severe 
in the splenectomized animal. Here exists an apparent paradoxical 
condition, in which animals with more resistant red blood-corpuscles 
suffer a severer and longer anemia than animals with corpuscles of 
normal resistance. 

After injection of hemolytic serums, however, it was found that 
the red blood-cells of the splenectomized animal became less resistant 
to hypotonic salt solution, and this decreased resistance is manifested 
longer by the splenectomized than the normal control animals. A 
similar but much less striking diminished resistance of the red blood- 
cells occurs in the anemia caused by sodium oleate and hemorrhage. 

The occurrence and persistence of this lessened resistance of the 
red blood-cells after the use of hemolytic serum is associated inti- 
mately with the absence of the spleen. The result of the removal 
of this organ is therefore, in these authors’ opinion, a factor in the 
production of a more severe and prolonged anemia which hemolytic 


7. Musser, J. H., Jr.. and Krumbhaar, E. B.: The Blood-Pictures at Vari- 
ous Periods After Splenectomy, Jour. Exper. Med., 1913, xviii, 487. 

8. Pearce and Peet: The Effect of Hemolytic Serum in Splenectomized 
Dogs, Jour. Exper. Med., 1913, xviii, 494. 

9, Krumbhaar, E. B., and Musser, J. H., Jr.: The Relation of the Spleen to 
Blood Destruction, Jour. Exper. Med., 1913, xviii, 665. 
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serums cause in splenectomized animals. The hemolytic serum starts 
the acute anemia, but the absence of the spleen is instrumental in 
increasing the severity and in either prolonging its course or delaying 
the process of repair. 

Krumbhaar and Musser think that the phenomena associated with 
absence of the spleen (1) increased resistance of the red blood-cells 
and (2) decreased tendency to jaundice, are closely related to the 
anemia which follows splenectomy. The anemia itself depends on 
some other factor, unknown at present, which is active when the 
spleen is removed from the body. 

Hemolytic serums cause a constant leukocytosis of the polymor- 
phonuclear neutrophil type. This is usually more marked in the 
splenectomized animal. Likewise a persistent increase in the eosino- 
phils and a moderate increase in the lymphocytes occurs in the 
splenectomized animal (the latter also occurs in the control animals). 

Eppinger'® states that there are many facts known which speak 
for the occurrence of hemolysis in disease. In spite of the fact 
that we have accurate ways of judging, often the symptoms of 
increased blood destruction escape our notice. The signs of continued 
hemolysis, he continues, are (a) histological in blood, polychromatosis, 
and anisocytosis ; granulation of the red blood-cells ; (b) chemically, in 
blood, increased color-index, and (c) in urine, urobilinuria. In spite 
of these criteria, one can obtain only a fair idea of the intensity 
of the process 

Also there arises the question, in each type of anemia, whether 
the cause is a diminished production of red blood-cells or an increased 
destruction. Likewise, in polycythemia doubt exists as to whether 
there is an increased formation or diminished destruction of blood. 

A consideration of the fate of the red blood-corpuscle points out 
a method of studying the amount of destruction of blood taking 
place in disease. The oldest of the red blood-corpuscles give up 
their hematin in the liver-spleen circulation. After separation of the 
iron, bilirubin (and biliverdin) are formed. Bacteria in the intestines 
reduce these to urobilinogen. An exact measure of the transforma- 
tion of hematin would be the quantitative determination of the bile- 
pigments (since it is assumed that from a molecule of hematin a 
molecule of bilirubin results). Since such a procedure cannot be done 
clinically, however, there remains the choice of determining the 
urobilin in the feces. 

Eppinger and Charnas report clinical studies, using a colorimetric 
method for determining the urobilin in feces, which was devised by 


10. Eppinger, H.: Zur Pathologie der Milzfunktion, Berl. klin. Wehnschr., 
1913, L, 1509, 1572. 
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the latter. Thus it was found that in hemolytic icterus, pernicious 
anemia, pneumonia, lead-poisoning and malaria, high urobilin values 
obtained. Low values were found in Addison’s disease and carcinoma 
of the liver. 

In pernicious anemia and hemolytic icterus there is at work some 
influence causing an increased destruction of blood. 

Eppinger’® had a series of splenectomies performed in the follow- 
ing clinical conditions: two cases of hemolytic icterus; two cases of 
pernicious anemia; three cases of probable Banti’s disease ; two cases 
of hypertrophic cirrhosis of the liver, and one case of icterus catar- 
rhalis, threatening to pass into acute yellow atrophy of the liver. 

All showed remarkable improvement after splenectomy, without 
any immediate deaths. The anemia improved strikingly, the icterus 
cleared up and the urobilin values in the stools returned to their 
normal values. (For details see Eppinger’s papers.*°) The experi- 
mental data, about to be presented, the clinical observations before 
and after splenectomy, the influence of the removal of the spleen 
on the output of bile in animals (Pugliese), and on the urobilin 
output in man, speak for a hemolytic function of the spleen. 

Eppinger™ reports that the histological picture in extirpated spleens 
of pernicious anemia, and hemolytic icterus, showed an enormous 
hyperemia in the spleen sinuses. In contrast, the spleens of morbus 
Banti, and hypertrophic liver cirrhosis presented the so-called fibro- 
adenie. Eppinger suggests, in his paper, the possibility that the fibro- 
adenie is a kind of healing process against the increased hemolytic 
activity of the spleen. Probably, he continues, pernicious anemia, 
hemolytic icterus and hypertrophic liver cirrhosis are all referable 
to an increased splenic hemolytic activity. 

Pribram™ found that stasis of blood in the spleen, as caused by 
chronic passive congestion, is associated with increased destruction 
of red blood-cells. He showed that urobilinuria could be readily 
caused by inducing congestion of the spleen. Also, the stasis in the 
inferior vena cava, such as associated with uncompensated valvular 
lesions, is accompanied by marked urobilinuria. Pribram calls atten- 
tion to cases in the literature of isolated stasis in the spleen with 
increased destruction of red blood-cells and consequent anemia and 
urobilinuria. 

It appears, therefore, from this brief perusal of the literature, 
that there is sufficient evidence to warrant attributing to the spleen a 


11. Eppinger, H.: Zur Pathologie der Milzfunktion, Miéiinchen. med. 
Wehnschr., 1913, No. 35, p. 1952. 

12, Pribram: Hypersplenische Hamophthisen und Stauungsmilz, Wien. klin. 
Wehnschr., 1913, xxvi, 1607. 
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very important influence in diseases and experimental conditions asso- 
ciated with hemolysis. The problem before us appeared to be to 
ascertain in the diseases associated with hemolysis whether or not 
unsaturated fatty acids could be demonstrated in the blood, and, 
if so, in what relation to the character of the disease. The blood 
appeared to be the most promising and practical medium for the 
study of the unsaturated fatty acids. Since cholesterin also contains 
unsaturated fatty acids, it was deemed advisable to separate from the 
total lipoids and fats of the blood, the cholesterin and cholesterin 
esters, before determining the iodin number (Jodzahl), which was 
to serve as our index of the unsaturated fatty acids. 

The experiments of various authors have shown that the unsatu- 
rated fatty acids possess hemolytic properties. The most common of 
this class of substances which occurs in the human body and in 
animals is oleic acid. Its iodin-combining power is 90 (that is, the 
iodin number). Other acids of this series, more unsaturated than 
the oleic acid and with a higher iodin number, also occur in the body. 

A property which has been assigned to unsaturated fatty acid 
is the power of hemolyzing red blood-cells. As saturated fatty acids, 
such as palmitic acid, possess only feeble hemolytic power, this 
property was preferred to the unsaturated carbon atoms. 

McPhedran™ has made a study of the hemolytic properties of 
fatty acids. His attention was directed particularly toward the relation 
of the activity of the hemolysis to the degree of unsaturation of the 
acids. In brief, he found that hemolysis was not more active in 
proportion to the degree to which the acids were unsaturated. Fur- 
thermore, the hemolytic activity of these acids was not diminished 
when they are saturated by halogens; but saturation of the com- 
bination by hydroxyl groups did greatly diminish their hemolytic 
activity. 

McPhedran, in conclusion, states his belief that sufficient evidence 
does not exist to refer toxic hemolysis, in disease in various conditions, 
such as phosphorus and toluylendiamin poisoning, to the liberation of 
specially hemolytic fatty acids from fatty complexes of disintegrating 
cells. He asserts that neither such fatty acids nor complexes from 
which they could be obtained have been found in the organs, that no 
evidence exists for the occurrence in disease of fatty acids more 
toxic than oleic acid. The latter, he points out, is being set free 
by hydrolysis from fat in health. 


13. McPhedran: Hemolytic Properties of Fatty Acids and Their Relation 
to the Causation of Toxic Hemolysis and Pernicious Anemia, Jour. Exper. Med., 
1913, xviii, 527. 
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Lamar,’* however, in studying the hemolytic properties of linoleic 
and linolenic acids, both more unsaturated acids than oleic acid, found 
that in the form of their sodium salts they dissolve pneumococci more 
rapidly in higher dilution than sodium oleate. Their intensity of 
action on the cocci is directly proportional to the degree of unsatu- 
ration of the acid. 

The hemolytic and bacteriolytic activity of the soaps of the 
unsaturated fatty acids, he concludes, is probably due in part to their 
avidity for protein and not wholly to their ability to dissolve lipoids. 

Meyerstein and others have studied the agents existing in the 
serum, which have a protective action against hemolysis. Included 
in this class are the neutral fats, the lipoids and the cholesterin 
bodies. It was therefore considered of importance to study, in 
association with the unsaturated fatty acids, also the total fats and 
lipoids and the free and bound cholesterin. It was hoped that some 
relation of these substances to the variations in the intensity of the 
hemolytic process might be found. This phase of the problem will! 
be discussed later. 

Our problem, then, was to study, if under different pathological 
conditions, the iodin number showed differences which could be 
referred to the hemolytic condition, and to changes in the spleen 
function. 


CLINIC\L AND EXPERIMENTAL INVESTIGATIONS 


Blood was removed from the patient’s veins by trochar, and 
rapidly defibrinated. One hundred c.c. were measured in a carefully 
graduated pipet, and delivered into a 1,000 c.c. measuring-cylinder. 
The flask was then filled with 95 per cent. alcohol to the 1,000 c.c. 
mark and the mixture stirred well and allowed to stand for twenty- 
four hours. The precipitated protein of the blood was then filtered 
into a larger Soxhlet filter, washed with alcohol, and dried at a 
temperature of 37 C. It was then extracted with petroleum ether 
(boiling-point from 37 to 40 C.) for three days. 

The alcoholic filtrate was then evaporated to a suitable volume and 
extracted with petroleum ether for from twenty-four to forty-eight 
hours. The two petroleum ether extracts were then united and evapo- 
rated to dryness in a weighed glass dish, brought to a constant weight 
by drying and weighed. Thus the total fats plus lipoids in the blood 
were obtained. 

The weighed contents of the dish were then treated repeatedly 
with hot 95 per cent. alcohol, and the cholesterin free and bound 


14. Lamar: Chemico-Immunological Studies in Localized Infections, Jour. 
Exper. Med., 1911, xiv, 256. 
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and the unsaturated fatty acids went into solution. It was then 
filtered. In the filtrate, the cholesterin and cholesterin esters were 
determined gravimetrically after precipitation with digitonin solution, 
as given in the method by Hermann and Neumann,” and the unsat- 
urated fatty acids by the Hiiblschen iodin number method.’® A quali- 
tative reaction for the presence of cholesterin in the blood was 
employed as described by Neumann and Hermann. This consisted 
in taking 1 c.c. of blood, and adding to it 10 c.c. of concentrated 
sulphuric acid and a few drops of chloroform. It is then shaken 
and allowed to stand for twenty-four hours. If cholesterin is present 
the chloroform takes on a red-violet to purple color in a short time, 
certainly in a few hours. If no cholesterin is present, the chloroform 
remains colorless. 

At the same time that clinical cases were investigated, experiments 
were performed on dogs to ascertain what effect total removal of 
the spleen would have on the general fat-content of the blood, in 
particular, the unsaturated fatty acids. Here the most complete con- 
dition of hyposplenism could be produced, and the results might, it 
was hoped, give us some light on the findings in the various patho- 
logical conditions, studied clinically. 

These results are presented in Table 1, and discussed first, before 
the results in the clinical cases are presented. 


THE RESULTS OF SPLENECTOMY 


Removal of the spleen produces some very striking changes in 
the fat and lipoid content of the blood. Following splenectomy, there 
is an increase in total fats and lipoids, an increase in cholesterin 
and a decided change in the unsaturated fatty acids, as expressed 
by the iodin number. This is reduced to a very low value. The 
cholesterin esters show no constant change. 

After splenectomy of two months’ duration the iodin number 
increases again, but does not quite return to normal. 

In the experiment with Dog 9, the red blood-corpuscles and serum 
were studied independently. A large amount of blood was centrif- 
ugalized, and the serum pipetted off. The red blood-corpuscles were 
then centrifugalized with normal saline repeatedly to remove all traces 
of serum, and the serum and red blood-cells studied independently. 
The findings show that the total fats increase in both the serum 
and the red blood-cells, after splenectomy. The increase in cholesterin 


15. Hermann and Neumann: Uber der Lipoidgehalt der Blutes normales 
und schwangerer Frauen sowie neugeborener Kinder, Biochem. Ztschr., 1912, 
No. 43, p. 47. 

16. Abderhalden: Handbuch der Biochemie Arbeits Methoden, 19, ii, 208. 
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occurs in the serum, while the red blood-corpuscles lose in their 
cholesterin content. The unsaturated fatty acids’ value is markedly 
diminished in the serum. 

The results of splenectomy indicate, then, that the spleen has 
some important influence on the unsaturated fatty acids circulating in 
the blood as well as the total fats. These unsaturated fatty acids 
are hemolytic. Here there seems to be established a direct relationship 
of the spleen to hemolysis, through the mediation of its regulation of 
the unsaturated fatty acids in the blood. The removal of the spleen 
reduces this hemolytic agent to a minimum, and therein may lie the 
explanation of the great benefit of removal of this organ in conditions 
associated with hemolysis, such as pernicious anemia, catarrhal jaun- 
dice, cirrhosis of the liver and hemolytic jaundice. 

The increase in total fats and cholesterin in the serum is important. 
It is well known that these substances, especially cholesterin, are 
antihemolytic. Cholesterin will inhibit the hemolytic action of the 
cobra hemolysin and saponin. It might be, therefore, that its increase 
in the serum after splenectomy is the true explanation of the increased 
resistance of splenectomized animals to hemolytic agents, and also 
responsible for the increased resistance of the red blood-cells. 

Complete removal of the pancreas shortly after splenectomy 
brought out some interesting points, as seen in the cases of Dogs 5 
and 6. Here the striking result was the reduction of the unsaturated 
fatty acids to nil. Both dogs were intensely glycosuric. 

The effect of toluylendiamin poisoning on a normal and a splenec- 
tomized dog was tried. The analyses showed in both cases a consi<d- 
erable increase in the total fats in the blood, but strikingly less in 
the splenectomized dog. This is of interest in relation to the state- 
ments in the literature that removal of the spleen greatly lessens the 
fatty metamorphosis following poisons associated with hemolysis. The 
very striking increase in the cholesterin in the blood in the splenec- 
tomized animal, amounting to a cholesterinemia, is significant. It may 
be indeed of importance in protecting the splenectomized animal 
against the hemolytic effects of the unsaturated fatty acids developed 
in the liver by this poison. There is no striking difference in the 
values of the unsaturated fatty acids. 

As far as the blood is concerned, then, there seem to be constant 
findings in this condition of experimentally produced asplenism: 
namely, increase in the total fats and lipoids, increase in the choles- 
terin, and very low iodin values for the unsaturated fatty acids; 
that is, a diminished iodin number. 

No clinical symptom-complex of hyposplenism has been made out 
as in the case of hypopituitarism and hypothyroidism. The existence 
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of a condition of diminished function of the spleen in clinical path- 
ology has not been shown. It is true that the simple fact that total 
removal of the spleen is not of serious consequence to a human 
being has rather drawn the attention of observers away from this 
problem. 

ANALYSIS OF VARIOUS CLINICAL CONDITIONS 


It is my purpose next to consider the results of analysis obtained 
in various clinical conditions. The figures are given in Table 2 
and the cases, as far as possible, brought together into groups. 

The values in two normal cases are first given for comparison. 

Pernicious Anemia.—The three cases presented here were typical 
in their clinical findings and blood-picture of pernicious anemia. 

In each case the total fats were increased above normal, while 
the free cholesterin was decreased to varying degrees. The striking 
finding, however, was. the very high values for the iodin number. 
It is significant that the blood with the highest iodin number showed 
the lowest value in free cholesterin. Evidently, unsaturated fatty 
acids of very high iodin-combining power are present in the blood 
of pernicious anemia. The thought at once occurs that the presence 
of such highly unsaturated fatty acids in the blood may, through 
their hemolytic powers, be responsible for the anemia in this condition. 
Furthermore, as very low values for the iodin number are obtained 
in the blood of splenectomized animals, it may be permitted for the 
moment to consider that in pernicious anemia a condition of hyper- 
splenism may exist. A full consideration of this hypothesis will be 
given in the general discussion, reserved for the conclusion of this 
paper. 

Hemolytic Icterus.—In this group two cases are given. The 
striking feature of the analyses are the very high iodin-combining 
values for the unsaturated fatty acids. Here again the higher iodin 
number is associated with the lower free cholesterin value. 

Cirrhosis of Liver-—The cases presented here show interesting 
variations. 

Case 1 presented an enlarged liver, a moderately enlarged spleen 
and marked jaundice. There was an alcoholic history. Opportunity 
was given for observation of the case in two stages, first when the 
patient was feeling relatively well, and second when in a condition 
of coma hepaticum. The most striking result of the analyses is the 
considerable change in the value of the iodin number. Already of 
high value, it increased remarkably when the patient went into a 
condition suggesting acute yellow atrophy. At the same time the 
total fats and cholesterin, already high, decreased much in their values. 


JOHN H. KING, 161 


Cases 3, 4 and 5 show low values for the iodin number. They were 
cases of typical atrophic cirrhosis. It is interesting that none showed 
icterus. 

Case 6 presented marked icterus and ascites. Here the iodin 
number is extremely high. 

Case 7 likewise showed a high iodin number. 

Reviewing the cases as a whole, the most striking feature is that 
the cases which are associated with icterus have a high iodin number, 
while those without this symptom present lower values. 

Analyses to be given later in a case of mechanical obstruction to 
the common bile-duct will show that these high values of the iodin 
number are not due to the absorption of bile. 

Catarrhal Jaundice —These cases present some interesting features. 

In general, the total fats have from about normal to slightly 
increased values; but the iodin number values are higher than normal 
and the free cholesterin values less than normal. Case 3 is especially 
interesting. In this case the spleen was removed, with the result that 
the icterus cleared up and also the urobilinuria. It is a striking fact 
that the value of the iodin number decreased from 123 to 83 (about 
normal). As in the animal experiments, coincident with this, the total 
fats and cholesterin increased in the blood. 

Case 5 shows a low value of the iodin number with a considerable 
increase in the total fats and cholesterin. 

Eppinger calls attention to some interesting points relating tq 
this group. He is of the opinion that there are often cases of 
apparently harmless icterus which come on in the course of a gastro- 
intestinal intoxication. Relatively early there appears an enlargement 
of the liver, with rise in temperature. In contrast to the usual 
icterus catarrhalis the stools remain cholic. In the urine there is 
much urobilin and urobilinogen, but not much bile-pigment. These 
patients often die suddenly with signs of acute yellow atrophy of the 
liver. Eppinger had a splenectomy performed in a case of this kind, 
in which there was an appearance of oncoming acute yellow atrophy. 
The jaundice cleared up and the patient lived. 

Many such cases present signs of cholelithiasis. It is remarkable 
that in spite of the patency of the bile-passages, attacks of pain 
suggesting gall-stone colic can occur. At the time of seizure of pain, 
enlargement of the liver was made out. 

Secondary Anemia.—A case of secondary anemia associated with 
carcinoma of the stomach is given in this group. It will be seen 
that the value of the iodin number is low, in striking contrast to that 
shown in the pernicious anemia cases. The total fats and cholesterin 
values are approximately normal. 


| 


162 THE ARCHIVES OF INTERNAL MEDICINE 


A second case of carcinoma of the esophagus shows a somewhat 
higher iodin number, with the cholesterin value below normal. 

Icterus Gravis—In Case 1, obstruction by stone, the iodin number 
value is about normal, while the total fats and cholesterin are markedly 
increased. Case 2 is one of complete obstruction due to carcinoma 
with mechanical stasis of the bile outflow. Here the iodin number is 
somewhat increased. The findings in this case indicate that the high 
values of the iodin number in the previous cases are not due to 
simple retention of bile. 

Nephritis —Two cases are reported in this group. 

Case 1 was an example of uremic coma. The value of the iodin 
number was very low. 

In Case 2 there was a small contracted kidney, a case of genuine 
Schrumpfniere. The total fats were considerably increased as well 
as the cholesterin, while the iodin number was below the normal 
value. 

Pulmonary.—Case 1 was one of bronchiectasis associated with 
icterus, of a hemolytic type. The value of the iodin number is above 
normal. 

Case 2 was a case of lobar pneumonia associated with icterus. 
Here the value of the iodin number was below normal. The blood 
was taken early in the disease, before the crisis. 

Malaria.—A case is here given in which the tertian parasite was 
found in the blood. The spleen was enlarged. There was no jaundice. 
The value of the iodin number is below normal. 

Hemochromatosis.—-T wo cases were examined in this group. Both 
showed increase in the total fats, and cholesterin in the blood. In 
both cases there were low values found for the iodin number. Neither 
case showed evidences of jaundice, but both presented glycosuria. 

Syphilis (General) —A case is given of syphilis, associated with 
jaundice. The iodin number showed practically a normal value. 

Polycythemia.—A typical case of this disease presented unusual 
interest. The red blood-cells were considerably over 6,000,000 and 
the hemoglobin correspondingly high. A very high value of the iodin 
number was found, and also an increased cholesterin content in the 
blood. In view of our previous findings of high values for the iodin 
number associated with evidences of hemolysis, the results in this 
case might be construed to suggest that in the condition of poly- 
cythemia increased destruction of red cells is taking place, rather than 
a diminished destruction. 

Purpura.—The findings in a case of purpura are interesting. Here 
a very high value for the iodin number was obtained, together with 
an increase in the total fats in the blood. 
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Diabetes.—A series of cases associated with lipemia were exam- 
ined. The detailed results will be presented in another paper. Suffice 
it to say here that the values of the iodin number were considerably 
below normal, although the total fats were enormously increased, up 
to 107.804 gm. per thousand cubic centimeters of blood in one case. 

These cases demonstrate that the high values of the iodin number 
are not dependent on the content of the serum in the total fats. 


GENERAL DISCUSSION 


The evidence resulting from this study of the function of the 
spleen seems to demonstrate a parallelism between high values for 
the iodin number in the blood and hemolysis. Clinical conditions in 
which anemia and icterus of the hemolytic type are striking symptoms 
of the disease are associated with high iodin-combining values for 
the unsaturated fatty acids. This is especially characteristic of the 
clinical groups, pernicious anemia, hemolytic jaundice and catarrhal 
jaundice. 

The fact that removal of the spleen causes the values of the iodin 
number in the blood to sink to a level much below normal would 
suggest that the spleen is concerned in an intimate manner with the 
symptom-complex of hemolysis, icterus and anemia, in disease. This 
belief is strengthened by the influence that removal of the spleen has 
been found to have on the output of the bile-pigment in animals and 
urobilin in man. The results which Eppinger reports in a series of 
clinical conditions show that removal of the spleen produces a bene- 
ficial effect on the symptoms which are associated with hemolysis, 
that is, anemia and icterus. One case in our series of catarrhal jaun- 
dice likewise shows that splenectomy causes the jaundice to clear 
up and the patient’s condition to improve. Several other authors have 
reported improvement as a result of splenectomy. A. von Decastello’* 
in a case of pernicious anemia, Pollitzer’* in a case of hemolytic type 
of splenomegaly, G. Klemperer and Hirschfeld’® in pernicious anemia, 
F. Nidd®® in a case of Banti’s disease, and Giffin®™* in a report of 
twenty-seven cases of splenectomy. 


17. Von Decastello: Splenectomie bei pernizioser Anamie, Wien. klin. 
Wehnschr., 1913, xxvi, 951. 

18. Pollitzer: Ein Fall von Splenomegalia hemolytica, Wien. klin. Wchnschr., 
1913, xxvi, 952. 

19. Klemperer and Hirschfeld: Milzexstirpation bei pernizioser Anamie, 
Therap. d. Gegenw., 1913, No. 19. 

20. Nidd: Banti’s Disease Cured by Splenectomy, Proc. Roy. Soc. of Med., 
1913, vi, Surg. Sect., p. 225. 

21. Giffin: Clinical Observations Concerning Twenty-Seven Cases of Sple- 
nectomy, Am. Jour. Med. Sc., 1913, cxvl, 781. 
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The picture in these clinical conditions associated with a high 
iodin number is so diametrically opposite to that following removal 
of the spleen, as far as the features of hemolysis are concerned, that 
I am tempted to make a provisional distinction between the two. 
This is presented only as a helpful schema in the attempt to correlate 
the functions of the spleen with clinical symptoms. Indeed, the fact 
that substances which produce hemolysis fail to cause icterus when 
the spleen is extirpated, and likewise that splenectomy apparently 
benefits certain types of pernicious anemia, point strongly to the spleen 
as the center of the disease in pernicious anemia. 


INFLUENCE OF REMOVAL OF THE SPLEEN ON HeMotysis, ANEMIA AND IcrTERUS 


Hypersplenism : Asplenism: 
High iodin number. Low iodin number. 
Hemolysis. Greater resistance to hemolyzing 
agents. 
Anemia. Improvement of anemia by splenec- 
tomy.* 
Icterus. Difficulty in producing jaundice by 
hemolytic agents. 


* Pearce and his coworkers have shown that splenectomy causes in dogs a 
definite and prolonged anemia. The reported improvements following removal 
of the spleen in certain types of anemia in human beings seems to raise here a 
perplexing contradiction. It may be that removal of a spleen which has once 
been the seat of a pathological process is followed by entirely different effects 
from those which attend the removal of a normal spleen. More light is needed 


on this point. 


It has been extremely puzzling to understand why, after removal 
of the spleen, the resistance of the red blood-corpuscles should be 
increased. No satisfactory explanation has yet been presented. 

Removal of the spleen in our series of animal experiments has 
been found, in every case, to be associated with increase in the total 
fats and cholesterin in the blood. These substances are protection 
against hemolytic agents, and their increased quantity in the serum 
may be helpful in preventing the action of hemolysins. The red 
blood-corpuscles themselves show an increase in the total fats and 
lipoids after splenectomy, and to this may be due the increased 
resistance to hypotonic salt solution which they show in vitro when 
every trace of serum has been removed by centrifugalizing. Further- 
more, the case of catarrhal jaundice in which the spleen was removed 
showed the same increase in the total fats and lipoids and cholesterin 
in the blood. This was parallel with the improvement of the clinical 
symptoms. 

Splenectomy then would appear to reduce the iodin number from 
a high value, which was found to be characteristic of conditions 
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associated with hemolysis, to a very low value, and at the same time 
to increase the antihemolytic substance in the blood. 

In the conditions in which hemolytic processes are at work, the 
liver plays an important réle. It may become enlarged, its border hard 
and sharp and tender to palpation. Icterus and urobilinuria may 
follow. If there be added to this the insult of the toxins of infectious 
diseases or abnormal use of alcohol, then a true cirrhosis of the liver 
may develop rapidly. 

It seems probable then that a process primarily manifesting itself 
in a disturbed function of the spleen can produce change in the liver 
of various grades up to the so-called hypertrophic cirrhosis. Likewise, 
a primary liver disturbance such as alcoholic cirrhosis can be influ- 
enced by the amount of hemolytic activity that the spleen takes in 
the process. This is brought out by the study of two cases: 

1. First was a case of cirrhosis, with an alcoholic history, relatively 
large liver and spleen with marked ascites, icterus, anemia and bile- 
pigments and urobilin in the urine. The iodin number was 265. 

2. The second case was one of typical Laennec cirrhosis, with no 
icterus, and marked ascites. The iodin number was 84.8. The 
former is the picture of the so-called hypertrophic type, the latter 
of the atrophic type. 

Eppinger considers hypertrophic cirrhosis as a combined disease 
in which the spleen takes an outspoken part, and is also of the view 
that combinations of hypertrophic cirrhosis and pernicious anemia 
exist. 

The diseases of the “hepato-lienalic system are then polyvalent 
in character.” The symptom-complex resulting depends on whether 
the liver or the spleen is most involved in the reaction. The many- 
sided symptoms of diseases in this category are in accord with this 
idea. 

The following conception of the mechanism of the change produced 
in the diseases characterized by hemolysis seems justified from this 
study : 

In pernicious anemia and hemolytic jaundice, and to a certain 
extent in some types of cirrhosis of the liver, increased hemolysis is 
taking place. Coincident with this the blood is found to show an 
abnormally high iodin-combining power, indicating the presence of 
highly unsaturated fatty acids. The occurrence of these acids is 
closely related to the activity of the spleen, since removal of the 
spleen lessens their value in the blood, and greatly benefits the hemo- 
lytic condition. 

It is therefore possible to correlate with the increased hemolytic 
function of the spleen definite clinical symptoms; hemolysis, anemia, 
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icterus. When such symptoms are present, and the blood shows high 
values for the iodin number, then it means that the spleen is abnor- 
mally active in influencing hemolysis, and its removal appears to be 
indicated. 

What causes the spleen to take on this function of increased hemo- 
lytic activity is not clear at present. Further investigation must 
determine whether there is some fundamental condition at work bring- 
ing about this activity on the part of the spleen, or whether the process 
is primarily a disease of the spleen. The results of the qualitative 
cholesterin test are of little value, since the test has been positive 
with very low cholesterin value, and again negative with high choles- 
terin values. No quantitative interpretation can be given to this test. 


CONCLUSIONS 


1. Following splenectomy, there occurs an increase in the total 
fats and cholesterin in the blood, and also a reduction in the value 
of the iodin number (that is, a lower iodin number). 

2. In clinical conditions associated with hemolysis, pernicious ane- 
mia, hemolytic jaundice, catarrhal jaundice and some forms of cir- 
rhosis of the liver, there is found a decided increase in the value of 
the iodin number. 

3. There appears to be a parallelism between highly unsaturated 
fatty acids in the blood and hemolysis. 

4. The occurrence of these highly unsaturated fatty acids is inti- 
mately dependent on the activity of the spleen, for removal of that 
organ reduces the iodin-combining value of the unsaturated fatty acids 
and renders the production of icterus by hemolyzing agents more diffi- 
cult. Also it greatly improves clinical conditions in which hemolysis 
is at work. 

5. This is interpreted to mean that the spleen may be the central 
point in many diseases in which hemolysis and anemia are active, 
especially in pernicious anemia. This organ may be conceived to 
take on an increased function as regards its hemolytic activities, 
resulting in hemolysis, anemia and icterus. 

6. The condition of asplenism presents in some of its features 
a diametrically opposite picture. Animals in this condition are more 
resistant to hemolyzing agents, and icterus is much more difficult to 
produce. 

7. The increase in the total fats and lipoids following splenectomy 
may explain the increased resistance to hemolysins and the increased 
resistance of the red blood-cells found to accompany the condition 
of asplenism. These substances have definite antihemolytic properties. 
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8. In pernicious anemia, hemolytic jaundice, some types of catar- 
rhal jaundice and cirrhosis of the liver, the hyperactive spleen unfa- 
vorably influences the anemia, through its regulation of the highly 
hemolytic unsaturated fatty acids in the blood. Its removal appears 
therefore to be indicated. 

9. Splenectomy of itself, besides influencing the hemolytic unsatu- 
rated fatty acids, raises the percentage of antihemolytic substances in 
the blood, that is, the total fats and cholesterin. 

10. The fact that total removal of the spleen is not followed by 
any symptoms dangerous to the life of the patient has probably 
drawn attention away from the consideration that states of diminished 
function of this organ may exist. 

Note.—This work was undertaken at the suggestion of Dozent Hans Eppin- 
ger, and carried out in the wards and chemical laboratories of the First Medical 
Clinic (Hofrat Karl von Noorden, Vienna). It is a great pleasure here to 


express to Dozent Eppinger my sincerest thanks for his many helpful sugges- 
tions, and aid in carrying out the details of this study. 


1227 North Calvert Street. 


THE INFLUENCE OF THE HIGH-CALORY DIET ON 
THE RESPIRATORY EXCHANGES IN 
TYPHOID FEVER* 


WARREN COLEMAN, M.D., anp EUGENE F. Du BOIS, M.D. 
NEW YORK 


The influence of a diet rich in carbohydrate on the protein metabo- 
lism in typhoid fever’ and the extent of its absorption* have already 
been studied in detail. The striking clinical effect of the diet in a 
large number of cases has also been reported.* It has seemed desir- 
able, therefore, to investigate the fate of the large amount of food 
administered and its effect on the total metabolism. During the years 
1911 and 1912 it was possible to make 134 determinations of the 
respiratory exchanges of patients taking the high-calory diet, and the 
results have been embodied in the following report. Some of the 
experiments were reported briefly on a former occasion.‘ 

Numerous investigations have been made by other observers, but 
practically all their patients were examined in the fasting state, that 
is, from six to thirteen hours after the last meal. Moreover, these 
patients were on diets of low caloric value and were not receiving 
enough food during the fever to maintain themselves in nitrogen and 
weight equilibrium. In 1891, Kraus,® working with the Zuntz-Geppert 
apparatus, found that in fever the respiratory quotient depended 
on the kind of food previously eaten and on the state of nutrition 
of the body. Following this a number of articles were published 
in which many of the cited respiratory quotients were so low that 
they could be explained only on the assumption of a profound change 
in the laws of metabolism occurring in fever. Chief among those who 


*Submitted for publication, Feb. 21, 1914. 

*From the Department of Applied Pharmacology of Cornell University 
Medical College and the Second Medical Division of Bellevue Hospital. 

1. Shaffer and Coleman: Protein Metabolism in Typhoid Fever, Tue 
Arcuives Int. Mep., 1909, iv, 538. 

2. Du Bois: The Absorption of Food in Typhoid Fever, THe Arcuives Int. 
Mep., 1912, x, 177. ‘ 

3. Coleman: The High Calory Diet in Typhoid Fever, a Study of 111 Cases, 
Am. Jour. Med. Sc., 1912, cxliii, 77; Weight Curves in Typhoid Fever, ibid., 
1912, cxliv, 659. 

4. Coleman: Diet and Metabolism in Fever, Tr. Fifteenth International 
Cong. on Hyg. and Demog., Washington, 1912, ii, 602. 

5. Kraus F.: Ueber den respiratorischen Gasaustausch im Fieber, Ztschr. 
f. klin. Med., 1891, xviii, 160. 
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found these low quotients were Robin and Binet,® Rolly and Hornig,’ 
Rolly and Meltzer,* and E. Grafe.* Subsequently, Rolly’® and Grafe,"’ 
questioning the correctness of their results, reinvestigated the subject 
and concluded that the types of apparatus first used were not suit- 
able for the study of the respiratory metabolism in fever. In their 
later work Rolly and Grafe obtained no quotients below the normal 
limits, thus confirming the observations of Kraus made many years 
before. In the meantime Svenson’* had carefully investigated the 
metabolic processes of convalescence and had found that the oxygen 
consumption fell below normal in the first week, rising again above 
normal during the second week. He found also that a heavy meal 
increased the metabolism from 30 to 65 per cent., and that during 
convalescence from typhoid a given amount of work was performed 
with a greater expenditure of energy than in health. Loning*® took 
up the subject of the influence of food on metabolism in fever, and 
his work indicated that sugar was very rapidly oxidized, the respira- 
tory quotient dropping to its original level within three or four hours 
after its administration. Glucose had no marked effect in raising the 
oxygen consumption. 

Figure 1 shows graphically all the work done on typhoid patients 
by Kraus® and Svenson’* and all the later work of Grafe™ and 
Rolly.“°. The work of these investigators was selected because it dealt 
with patients on low diets examined from six to fourteen hours after 
their last meal; in other words, the basal or niichtern metabolism was 
determined. This work was selected also because it contained very 
few quotients below 0.7 and therefore seemed to be technically cor- 
rect. We have arbitrarily arranged the observations under the head- 
ings of “Continued Temperature Period,” corresponding to the sec- 
ond week, “Early Steep Curve Period,” corresponding to the third 


6. Robin and Binet: Etudes cliniques sur le chimisme respiratoire, Arch. 
gén. de méd., 1896, i, 641, ii, 385 and 515. 

7. Rolly and Hornig: Stoffwechseluntersuchungen an Typhuskranken mit 
besondere Beriicksichtigung des Verhaltens des respiratorischen Quotienten, 
Deutsch. Arch. f. klin. Med., 1908-1909, xcv, 74. 

8. Rolly and Meltzer: Stoffwechseluntersuchungen bei Fieber, etc., Deutsch. 
Arch. f. klin. Med., 1909, xcvii, 252. 

9. Grafe, E.: Gaswechseluntersuchungen bei fortgeschrittenen Erkrankungen 
der Lungen und der Zirkulationsorgane, Deutsch. Arch. f. klin. Med., 1909, 
xev, 543. 

10. Rolly, G.: Experimentelle Untersuchungen iiber den Stoffwechsel im 
Fieber und in der Rekonvalescenz, Deutsch. Arch. f. klin. Med., 1911, ciii, 93. 

11. Grafe, E.: Untersuchungen tiber den Stoff- und Kraftwechsel im Fieber, 
Deutsch. Arch. f. klin. Med., 1911, ci, 209. 

12. Svenson, N.: Stoffwechselversuche an Rekonvalescenten, Ztschr. f. klin. 
Med., 1901, xliii, 86. 

13. Léning, Karl: Ueber den respiratorischen Gaswechsel im Fieber unter 
dem Einfluss der Nahrungsaufname, Klin. Jahrb., 1908, xix, 183. 


*‘poo} jo Suryey AY) SANOY OF apvary 
‘snes Aq sjoIp MO] UO Jo Asojesidsas uonduinsuod vy 


a 


Hy 
++ 4 
+++ + + 
+++ + + ++4 4444444 
aps rot 
+ + t+ +4 
+ + + + 4-4 | + 
an = 
— 
+ 
+ + 4 
+ 4 


+ 
| f 
4 4 
+ 4-4 ++ + + 4 
T 
$—+ 444 4 4 +—+ + 


MAINA 92 | 


IVANO) 


Ww 


it 
+4 
| 
| 
nd 
p 
al 
«| oll 
| 
a 
; 
| 
| 


WARREN COLEMAN—EUGENE fF. DU BOIS 171 


week, and “Late Steep Curve Period,” corresponding to the fourth 
week of the disease and finally the various weeks of convalescence. 
In the last column are the results obtained on those patients whose 
metabolism was investigated several weeks or several months after 
their recovery. 

For purposes of comparison the work on the high-calory cases is 
summarized in Figure 2, which corresponds to Figure 1 in every par- 
ticular except that the last column represents the metabolism during 
relapses. 

The high-calory diet used in the cases here reported has been fully 
described in previous publications.’ * * 

In brief, it may be said that as soon as typhoid patients are 
admitted to the hospital they are given food in amounts which are 
increased as rapidly as their digestions will permit. By the end of 
a week patients are usually taking a liter of milk, from 300 to 400 c.c. 
of 20 per cent. cream, from 100 to 200 gm. of lactose, two or three 
eggs, a couple of slices of toast and from 10 to 30 gm. of butter. This 
furnishes between two and three thousand calories. One or two 
thousand more calories are gradually added in the form of larger 
amounts of the foregoing or in the form of rice, oatmeal, mashed 
potato, cream of wheat, apple-sauce, custard or ice-cream. It was 
found that patients could be brought into nitrogen and weight 
equilibrium even in the active stages of the disease when the tempera- 
ture was still high." The absorption of the large amounts of food 
given in this diet was investigated,? and it was found that protein and 
carbohydrates were absorbed as well as in health. The nitrogen of 
the feces averaged 1.12 gm. a day, which was 7.1 per cent. of the 
average nitrogen of the food. Carbohydrates were completely 
absorbed unless more than 300 gm. a day was given, in which case 
2 or 3 gm. appeared in the stools. Fats were absorbed in huge 
amounts, and the loss amounted to only 7.2 per cent. during the first 
three weeks of the fever and 4.5 per cent. in the later stages of the 
disease. On an average the patients lost in the feces only 5 per cent. 
of the calories ingested. 


EXPERIMENTAL PROCEDURE 


The type of apparatus selected for the investigation was the small 
“unit” or “universal apparatus” of Benedict.** In 1911 the machine 
resembled that described in Benedict’s first publication, except that 


14. Benedict, F. G.: An Apparatus for Studying the Respiratory Exchange, 
Am. Jour. Physiol., 1909, xxiv, 345; Ein Universalrespirationsapparat, Deutsch. 
Arch. f. klin. Med., 1912, cvii, 156. 


-Iput sazenbs pyog uo syuanjed proyddy Jo syuanonb Asoyesdsas pur uondunsuod ay, 
TTT ry (ema 7 
+—}—+ +-+—++ +-+-4-+4 } 4 + - - 
TT | | | | | 
+— t+ + + +—+ t+ TTT > > + - 
+—+ } +++ + + + +++ + + 4 
+ +—+-+ + +++ +++ 4 ++ 
+ + + 4 + + +--+ -+4- +44 + +-+4 + +— 
sua. Fell L | | | | 
+ 


& 


< 


$ 


G 


3 


IMA 97S | MIIM 48] | BAYND ‘LNOD 


IN IOS 


WARREN COLEMAN—EUGENE F. DU BOIS 173 


Williams bottles*® were used instead of the Woulfe bottles and Kipp 
generators, thus reducing the volume of air within the apparatus. 

During 1912 a spirometer was substituted for the rubber bag, and 
the apparatus more closely resembled that described in Benedict's 
second publication. The old style of air-moistener and the single 
absorber system were retained but, unfortunately, the work-adder was 
not attached until the typhoid season was over. The nose-pieces 
require a special description, as they differed from Benedict’s model. 
A soft rubber tube, reinforced by a spiral of brass wire, was substi- 
tuted for the glass core used by Benedict, and the finger-cot was tied 
around this as shown in Figure 3. In order that the direction of the 
nose-pieces might be changed to fit different noses, a pair of wire 
spreaders, also shown in Figure 3, was attached. With some of the 
patients it was difficult to secure an air-tight joint when the finger- 
cot between the core and the inside of the nose was inflated. The 
flexibility of the new nose-pieces and the spreaders improved condi- 
tions considerably, but it seemed necessary to take the precaution of 
lathering the joint between nose-piece and nose with soap. This lather 
was watched during the whole experiment by one or two observers. 
and leaks were sometimes discovered which would otherwise have 
passed unnoticed. The use of lather with this apparatus is strongly 
recommended, since the loss of any quantity of air increases by a 
corresponding amount the apparent consumption of oxygen. 

The experimental procedure is important enough to require a 
detailed description. The respiration apparatus was wheeled to the 
patient’s bed and the oxygen bomb and the CO, absorbing 
system weighed to within 0.01 gm., all weighings being checked by 
an assistant. The bottles were then connected with the machine and 
the whole tested for leaks under a slightly increased pressure while 
the air was circulating at full speed. This was continued for some 
time in order to bring the various parts of the machine to a constant 
temperature. Meanwhile the subject’s mouth was sealed with 
adhesive plaster, and the nose-pieces inserted, blown up and lathered. 
All this time a valve was turned so that the patient was breathing 
room air. Next the pressure within the machine was brought almost 
to zero and the level of the oil manometer carefully recorded. Then 
while the patient was breathing quietly and regularly, the valve was 
turned at the end of a normal expiration and he began to breathe the 
air which was circulating in the machine. During the experiment the 
pulse and respiration were counted at least three times and the char- 
acter of respiration recorded. Note was made of each movement of 
the patient, although none of them did more than move a hand or leg 


15. Williams, H. B.: Animal Calorimetry, First Paper, A Small Respiration 
Calorimeter, Jour. Biol. Chem., 1912, xii, 317. 
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a few inches. As the experiment progressed, oxygen was admitted 
by means of a reducing valve on the oxygen cylinder, and the rubber 
bag kept at approximately the same level. At the end of a period, 
which was almost always fifteen minutes, the valve near the nose- 
piece was quickly reversed, exactly at the end of a norma! expiration. 
The air was then kept in circulation for two or three minutes in order 
to remove the last traces of carbon dioxid which might be in the pass- 
ageways of the machine. Next oxygen was gradually admitted until 
the oil manometer gave the same reading as at the start of the experi- 
ment. Both readings were made about one minute after the circulation 
of the air was stopped. In 1912, when the spirometer was used, 


Fig. 3.—Diagram of modified nose-pieces: S, flexible spiral spring; F, finger- 
cot; C, spreaders for adjustment of nose-pieces; 7, soft rubber tubes; 4, small 
rubber tube for inflating finger-cots. 


graphic records of the respiration were made in the manner described 
by Benedict,’* and the oxygen was admitted until the original level of 
the spirometer was reached. The carbon dioxid absorbers and oxy- 
gen bomb were immediately weighed and the calculations made as 

CO, gm. X 0.509 COsL 


follows: 
Oz gm. X 1.004 X 0.669 OoL 
rhe correction of adding 0.4 per cent. to the oxygen was made, since 


the Linde Air Product Company’s oxygen was found on analysis to 
contain the same percentage of impurity that Benedict*® found." 


== Respiratory Quotient. 


16. Benedict, F. G: Universalrespirationsapparat, Deutsch. Arch. f. klin. 
Med., 1912, cvii, 156. 

17. Shortly before this article was ready for publication, our attention was 
called to the fact that G. W. Morey of the United States Bureau of Standards 
had discovered that 98 per cent. of the impurity in the Linde Air Product Com- 
pany’s oxygen was argon and not nitrogen as had been previously supposed. 
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In all cases in which the urinary nitrogen was determined, the 
method described by Loewy'* was used. This showed that in every 
case except one (Frank W.), protein furnished very close to 15 per 
cent. of the total calories. It was therefore possible to use the tables 
of Magnus-Levy” in those cases in which it was impossible to obtain 
the urinary nitrogen. These two sets of tables gave the caloric value 
of the oxygen for each experiment and made it easy to calculate the 
calories produced by the patient during each fifteen-minute period. 
That this method of indirect calorimetry corresponds very closely to 
the direct calorimetry has been shown by the animal experiments of 
Lusk and by unpublished experiments on human subjects. 

The accuracy and general utility of the Benedict respiration appar- 
atus have been proved by Benedict and his coworkers®® in many com- 
parisons with the Atwater-Rosa-Benedict respiration calorimeters. It 
must be remembered that all experimental difficulties are greatly 
increased in working with typhoid patients. It is almost impossible 
to keep a patient on a rigidly specified diet, and in the case of patients 
with high fever it is not justifiable to make more than two or three 
experiments a day. As a rule, the patients are somewhat nervous the 
first time they use the apparatus, and it has seemed advisable to leave 
unpublished the first observations on all except two phlegmatic indi- 
viduals who showed absolutely no apprehension. Patients soon 
become accustomed to the procedure, however, and rather enjoy the 
break in the day’s monotony, since they suffer no discomfort. 

It was difficult to begin the experiments on schedule time since 
leaks would often be discovered at the nose just before the start. 
After the start a rising and falling bubble in the lather around the 
nose-pieces sometimes made it necessary to interrupt the period for 
a few minutes and readjust the apparatus. If the bubble broke or 


(The Occurrence of Argon in Commercial Oxygen made from Liquid Air, 
Jour. Am. Chem. Soc., 1912, xxxiv, 491). On account of the difference in 
the atomic weights of these gases, the correction should have been —0.6 per 
cent. instead of +0.4 per cent. This means that all the oxygen figures are 
about 1 per cent. too high and that the respiratory quotients are a trifle too 
low. The error is so small that it has seemed unnecessary to recalculate all 
the results given in this article and in the publications from Benedict’s labor- 
atory, which have been used as controls. 

18. Loewy: Oppenheimer’s Handbuch. der Biochemie, 1911, iv,’ 277. 

19. Magnus-Levy: Von Noorden’s Handbuch der Pathologie des Stoff- 
wechsels, Ed. 2, 1906, i, 207. 

20. Benedict and Joslin: Metabolism in Diabetes Mellitus, Carnegie Inst. 
of Washington, 1910, Bull. 136; A Study of Metabolism in Severe Diabetes, 
ibid., 1912, Bull. 176; Benedict, Emmes and Riche: The Influence of the Pre- 
ceding Diet on the Respiratory Quotient After Active Digestion has Ceased, 
Am. Jour. Physiol., 1911, xxvii, 383. 
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if there were any other leak, the experiment was discarded. The 
chief technical difficulty, however, lay in the tendency of some of the 
patients to increase the frequency or depth of their respirations shortly 
after the period was started. A few of the febrile patients persisted 
in this type of breathing, and it was necessary to give them up as 
experimental subjects. Two patients, Louis M. and Frank W., who 
had been breathing normally during the fever, developed this tendency 
early in convalescence, but their data were retained and grouped in 
a special table. The cause of the trouble is not clear; it might be due 
to nervousness on the part of the patient or to some unknown mechan- 
ical effect of the apparatus. 

An increasing rate of ventilation (Auspumpung) has a very seri- 
ous effect on the carbon dioxid determination, especially if the experi- 
mental period be a short one. Between the tissues whose carbon 
dioxid production we wish to estimate and the apparatus, there are 
from 3 to 5 liters of blood and 2.5 liters of residual air. While the 
carbon dioxid content of these does not change if the rate of ventila- 
tion be uniform, there is an immediate decrease of the carbon dioxid 
of the alveolar air when the alveolar ventilation is increased. This, 

fm, removes some of the carbon dioxid from the blood, in which 
a large part is held in loose combination. Consequently, there is 
a “pumping out” of carbon dioxid from blood and residual air. 
There are no similar depots for oxygen in the body as has been shown 
by Katzenstein,** Zuntz and Geppert** and Loewy,”* and the increased 
ventilation causes practically no change in the oxygen consumption. 
The percentage of oxygen in alveolar air may be slightly increased, 
as may the relatively small amount of oxygen held in solution in the 
blood-plasma. There may also be a slight increase in oxygen con- 
sumption because of the extra work of the muscles of respiration. 
It is evident that if stored carbon dioxid is exhaled in addition to the 
normally produced carbon dioxid and the oxygen remains constant, 
the respiratory quotient will be too high. 

The effects of such increased ventilation (Auspumpung) are 
shown in a series of experiments on normal persons (Table 1). The 
first subject was examined during a period with natural breathing 


21. Katzenstein: Ueber die Einwirkung der Muskelthatigkeit auf den 
Stoffverbrauch des Menschen, Arch. f. d. ges. Physiol. (Pfliiger’s), 1891, xlix, 
330. 

22. Zuntz and Geppert: Ueber die Regulation der Athmung, Arch. f. d. ges. 
Physiol. (Pfliiger’s), xlii, 189. 

23. Loewy: Die Wirkung ermiidende Muskelarbeit auf dem respiratorischen 
Stoffwechsel, Arch. f. d. ges. Physiol (Pfliiger’s), 1891, xlix, 405; Der respira- 
torische und der Gesamtumsatz, Oppenheimer’s Handbuch der Biochemie, 1911, 
iv, p. 154, 161. 
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which gave his true oxygen and carbon dioxid. One hour later another 
fifteen-minute experiment was made in which the breathing was as 
deep and as rapid as possible. This increased the oxygen consumption 
21 per cent., since the muscular work was severe. A second subject 
breathed deeply but not excessively during the first ten of the fifteen 
minutes and raised the respiratory quotient from 0.75 to 1.05, but 
increased the oxygen intake by only 5 per cent. The next subject was 
Louis M., one of the typhoid patients who had developed the tendency 
to Auspumpung during convalescence. Five months after leaving the 
hospital cured he returned to serve as a normal control. His fasting 
metabolism and respiratory quotient were determined in a respiration 


TO SEVENTEEN Hours Arter Last MEAL 


| Periods | Per Kg. and Min. 
: 15 Min. | | Increase in 
Start of | R. Q. | O: from 
Exper. | CO. O: | Auspump- 
| a. m. c.c. | 2. ung, Pct. 
D. B., wt. 75.3 kg.: | | 
Oct. 31, normal breathing..... | 10:35 | 6269) | (348 | «(077 
Breathing as deep and as fast | 
11:35 462 | 421 | 1.10 21 
J. R., wt. 66 kg. (approx.): 
Nov. 25, deep breathing first | 
10 :37 | 443 | 424 |= 1.05 
Normal breathing ............. 11:35 | 3.04 406 | 75 
Louis M., wt. 51.7 kg.: 
March 26, normal breathing, 6 
hours in calorimeter ...... 10:10 3.36 | 434 77 
March 29, unintentional Aus- 
11:11 497 | 452 | 1.10 4 
March 29, unintentional Aus- 
11:55 5.03 | 457 | 1.10 5 


TABLE 1.—ExperRIMents IN “AUSPUMPUNG” ON NorRMAL PERSONS FROM FouRTEEN 


calorimeter in which Auspumpung was impossible, and two days 
later, under exactly similar conditions, two observations were made 
with the small Benedict apparatus. Curiously enough, the abnormal 
type of breathing had persisted and it was possible to compare his 
unintentional Auspumpung with a faultless calorimeter experiment. 
The increase in oxygen consumption amounted to 4 and 5 per cent. in 
the two periods with the small apparatus. 

The Auspumpung of the few typhoid patients who exhibited this 
phenomenon was of the type which, in the controls, raised the oxygen 
figures from 4 to 5 per cent. and never approached the maximal effort 
of the first normal subject. Since the carbon dioxid and respiratory 
quotient of all Auspumpung observations are too high, it has been 
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necessary to group the experiments in which this phenomenon prob- 
ably occurred in a special table. The quotients have been discarded, 
but the oxygen figures are so slightly changed that it seemed advisable 
to include them in the graphic chart (Fig. 2) and in the table of 
averages. 

While the present work was in progress, Rolly and Rosiewitz** 
published an article on typhoid describing a modification of the Bene- 
dict apparatus changed to meet certain objections which they raised 
in regard to the original machine. These objections have been fully 
answered by Benedict,'* but the best answer is to be found in the close 
agreement between the small apparatus and the large respiration 
calorimeters of the Nutrition Laboratory in Boston and the Russell 
Sage Institute of Pathology in New York. The latter apparatus has 
not yet been described.* 

Kraus’ and Svenson™ used with apparent success the Zuntz-Geppert 
apparatus. Grafe,"' in his recent work on typhoid, used a respiration 
cabinet of the Jacquet type in which he kept his patients from 
three to six hours. In this manner he avoided all possibility of 
Auspumpung. 

CALCULATION OF FOOD 


In the season of 1911 it was impossible to weigh and analyze each 
kind of food as was done in 1912. The patients, however, were under 
the personal charge of the head nurse who had assisted in metabolism 
experiments for three years. Milk and cream, the chief articles of 
the diet, were carefully measured and were analyzed from time to 
time. Lactose was also measured in a specially graduated cup. The 
other foods were given in standard portions which were checked up 
at frequent intervals. Calculations were based on analyses made 
in this clinic and on the tables of Atwater and Bryant.** In reckoning 
the calories of the food the factors of Rubner, 9.3 for fat and 4.1 for 
protein and carbohydrate, were used. 

In 1912, it was possible to secure the services of three nurses for 
the typhoid cases alone. In this year cereals which had been analyzed 
were weighed raw and each portion separately cooked. Bread, eggs, 
ice-cream and a few other foods were analyzed and weighed out in 
the moist condition, and milk and cream were measured in graduates. 


*A preliminary report will appear shortly in the Jour. Am. Med. Assn. 

24. Rolly and Rosiewitz: Deutsch. Arch. f. klin. Med., 1911, ciii, 58; Rolly: 
Bemerkungen zu dem Aufsatz von F. G. Benedict, Ein Universalrespirations- 
apparat, ibid., 1912, evii, 593. 

25. Atwater and Bryant: The Chemical Composition of American Food 
Materials, U. S. Dept. of Agric., Bull. 28, Revised Edition, 1906. 


180 THE ARCHIVES OF INTERNAL MEDICINE 


NORMAL CONTROLS 


Twelve fasting experiments on three normal controls were made 
with the Benedict apparatus and the results grouped in Table 2. All 
the controls were men thoroughly familiar with the apparatus. D. B. 
was a physician aged 30, 5 feet 934 inches in height. F. C. G. was a 
chemist aged 29, 5 feet 8% inches in height. Louis M., a barber, was 
the typhoid patient mentioned above, who returned five months after 
his attack in order to serve as a control. His type of respiration on the 
machine remained abnormal and it was necessary to use the respiratory 
quotient of a calorimeter experiment to obtain the caloric value of 
the oxygen. 

The heat production of these controls has been calculated in two 
ways for purposes of comparison. In the first column use has been 
made of the urinary nitrogen, and the tables of Loewy** have fur- 
nished the caloric value of the oxygen according to the non-protein 
respiratory quotient. In the second column the simpler and somewhat 
less exact method of reckoning that the protein furnished 15 per cent. 
of the calories as given by Magnus-Levy”’ has been used. It will be 
seen that the two columns agree very closely. 

The same controls served as subjects for experiments with the 
respiration calorimeter of the Russell Sage Institute of Pathology. 
The figures for the direct calorimetry and for the indirect calorimetry, 
using the tables of Loewy, are given in Table 3. Unfortunately the 
calorimeter leaked a little air in both experiments on F. C. G., and his 
oxygen consumption and indirect calorimetry were not determined. 
Table 4 gives the averages of all the calorimetric determinations by 
the four different methods, and shows a striking agreement between 
all four. Benedict** has repeatedly demonstrated the fact that figures 
obtained with his small apparatus correspond closely with those 
obtained with the calorimeter. 

Table 5 gives the average oxygen consumption and heat produc- 
tion of forty-eight normal controls whose metabolism was investi- 
gated in short periods. Twenty-three of these are taken from Bene- 
dict, Bulletin 176, Table 131; four from Benedict, Bulletin 136, Table 
166; nineteen from Loewy and Magnus-Levy, quoted by Benedict in 
Bulletin 136, Table 161. Our two normal controls, D. B. and F.C.G., 
have been included in the list. The tables as published by Benedict 
do not give the indirect calorimetry, and this ‘nas been calculated. The 
average respiratory quotient of Benedict’s cases in Bulletin 176 is 
0.834, of Loewy’s and Magnus-Levy’s cases, 0.781, of our cases, 0.779. 


26. Benedict and Joslin: Metabolism in Diabetes Mellitus, Carnegie Inst. of 
Washington, 1910, Bull. 136; A Study of Metabolism in Severe Diabetes, ibid., 
1912, Bull. 176. 
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As a mean of these the quotient of 0.8 has been selected to give the 
caloric value of the oxygen. According to the table of Magnus-Levy, 
with a quotient of 0.8, 1 liter of oxygen represents 4.77 calories. This 
factor has been used for all the controls. 


TABLE 4.—Normat Controts: oF ATWATER-RosA-BENEDICT RESPIRATION 
CALORIMETER AND BENEDICT RESPIRATION APPARATUS; AVERAGES OF ALL EXPERI- 
MENTS FROM FouRTEEN TO SIXTEEN Hours Arter Last MEAL 


Calories Per Kg. and Twenty-Four Hours 
C.C. O, Per Kg. | Indirect Calorimetry 
and Min. Di 
irect 
Subject Calor- | Benedict Apparatus 
| 
Calor- Reckoned 
Calor- | meter from 
Calorim. Benedict. meanens Urinary | Lables of 
Magnus- 
Levy 
376 | 3.67 236 | 243 25.3 | 249 
G 3.95 25.4 27.0 27.2 
Louis M 4.34 | 4.54 30.0 27.3 yeas 31.0 


TABLE 5.—Normat OxyGen CoNsumpTION AND Heat Propuction: AVERAGES oF Forty- 


NormMAt Controts From Various Sources Groupep ACCORDING TO 
Bopy- WEIGHT 
O. C.C. Per Kg. and Min. Av. Calories 
Weight, | Number of | Per Sq. M. 
Kg. Subjects | Per Kg. Body 
Min Max. Average per Surface 
24 Hours” per Hour 
40-56 6 3.68 4.57 4.06 27.9 33.6 
50-60 17 | 3.32 441 | 3.286 26.5 34.1 
60-70 15 3.47 5.50 3.71 25.5 34.5 
70-80 4 3.15 3.73 3.48 23.9 34.1 
80-90 6 2.76 3.60 3.16 21.7 32.3 


The subjects have been grouped according to body-weight, and it 
will be seen that the calories produced per kilogram, as is well known, 


decrease as the weight increases. 


On the other hand, there is a 


striking uniformity in the column showing calories per square meter 


of body-surface, as Rubner demonstrated many years ago. 


The sur- 


face area was calculated from Meeh’s formula, using the body-weights 
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of 45, 55, 65, etc., and using the average heat production of indi- 
viduals of the same weight group. The subjects between 80 and 90 
kg. show an unexpectedly low average metabolism, and it would be 
interesting to see if a larger number of controls of this weight would 
give the same results. Seven normal controls have been studied in the 
respiration calorimeter of the Russell Sage Institute of Pathology, 
and they have been averaged with five normal controls from figures 
published by Benedict.2*7 The average heat production per square 
meter of body-surface per hour is 34.2 calories with a variation 10 
per cent. above or 10 per cent. below this point. The results will 
shortly be published in detail. 

It is more accurate to express the results of respiration experiments 
in calories per square meter of body-surface, since it then becomes 
possible to compare individuals of different weights. In the tables 
of respiration experiments, both calculations are given, but the final 
comparisons are made according to body-surface. For the clinicians’ 
purposes calculations based on a twenty-four-hour period are best, but 
from the point of view of the experimenter the one-hour period is 
preferable since it is much closer to the actual experimental time of all 
types of apparatus, except a few of the large respiration cabinets. The 
habit of comparing results in cubic centimeters of carbon dioxid and 
oxygen per kilogram and minute has nothing to recommend it except 
the fact that previous observers have used the method and have made 
it necessary to follow their example for purposes of comparison. 


HISTORIES OF PATIENTS 


Joseph T., weight 58.4 kg., aged 35, of medium build. Typhoid fever of 
severe type. Admitted Oct. 13, 1911, the twenty-fifth day of disease. Discharged 
November 21. Fever lasted forty-one days, no relapse. Vomited once; other- 
wise no gastric or intestinal disturbance. Not restless. See table for clinical 
data. 

John H., colored, weight 54.3 kg., aged 27, of medium frame. Typhoid fever, 
moderately severe type. Admitted Oct. 23, 1912, on sixteenth day of disease. 
Discharged December 28. Fever lasted thirty-three days. Took food fairly 
well. Not delirious or restless. See table for clinical data. 

Frank W., weight 54.5 kg., aged 27, short and stout. Typhoid fever of severe 
type. Admitted Nov. 23, 1911, tenth day of disease. Discharged February 8. 
Original fever lasted thirty-two days. A relapse of moderate severity began 
on the forty-seventh day and lasted to the sixty-first day. Glycosuria appeared 
on the fifteenth day, lasting till the twenty-first day. No history of diabetes 
in patient’s family or in himself. Severe sore throat, January 7. Vomited at 
start; could not take milk with lactose. Soon began to take food better, but 
barely reached 3,000 calories a day until temperature was falling to normal. 
No diarrhea or tympanites. Not restless. See table for clinical data. 


27. Benedict and Joslin: Metabolism in Diabetes Mellitus, Carnegie Inst. of 
Washington, 1910, Bull. 136. 


WARREN COLEMAN—EUGENE F. DU BOIS 185 


Davide G., weight 56.1 kg., aged 27, short and muscular. Typhoid fever 
of severe type. Admitted Oct. 27, 1911, twenty-first day of disease. Discharged 
December 5. Fever lasted forty days, no relapse. Ugly tempered. Took food 
poorly in early stage. Appetite began to improve November 1. No diarrhea. 
Not restless. 

Twenty-seventh day of disease, T. 101.2-104; 63 food calories per kilogram. 
Twenty-eighth and twenty-ninth days, T. 99.8-103.2; 72-73 calories per kilo- 
gram. Thirtieth day, T. 99.0-102; 71 calories per kilogram. Thirty-first day, 
T. 99.2-101.4; 64 calories per kilogram. Thirty-second day, T. 99.2-100.4; 76 
calories per kilogram. Thirty-third day, T. 99.5-101.2; 80-89 calories per kilo- 
gram. Thirty-seventh day, T. 98.6-100.2; 78 calories per kilogram. 

John C., weight 62.3 kg., build, medium, slight. Typhoid of severe type. 
Admitted to medical service Aug. 22, 1911, probably twenty-eighth day of disease 
(transferred from Psychopathic Pavilion). Discharged to Psychopathic Pavilion 
October 5. Original fever lasted about fifty days. No relapse. Looked sick. 
Diarrhea on admission, none later. No tympanites. Took food well at the 
start—not so well later. Gained 1 pound a day from thirty-first to thirty- 
eighth days. Slept greater part of time. Mental condition recorded as dull 
and stupid. 

Thirty-fifth day of disease, T. 100.0-102; 54 food calories per kilogram. From 
the thirty-sixth to the thirty-eighth day, T. 99.2-104.7; from 63 to 71 calories 
per kilogram. Thirty-ninth day, T. 100.2-103.2; 53 calories per kilogram. 

Abe B., weight 74.8 kg., aged 20, short and stout. Typhoid fever of mild 
type. Admitted to genito-urinary service for gonorrheal epididymitis, Oct. 
29, 1911, probably the twenty-first day of the typhoid. Transferred to medical 
service on the thirty-second day. Discharged December 19. Long, low fever 
uninfluenced by epididymitis, temperature rising to 100.6 the day before dis- 
charge on the seventy-secoud day. Nausea only twice. No diarrhea. Not 
restless. 

Thirty-seventh day, T. 99.0-101.0; 55 food calories per kilogram. Thirty- 
eighth day, T. 99.4-100.3; 46 calories per kilogram. Thirty-ninth day, T. 98.4- 
101.2; 64 calories per kilogram. From the twentieth to the forty-second days, 
T. 99.1-101.6; 57-64 calories per kilogram. Forty-third day, T. 98.2-100.7; 48 
calories per kilogram. 

Anton V., weight 62.3 kg., aged 32, tall and spare. Typhoid of severe type. 
Admitted Aug. 13, 1911, the twenty-eighth day of disease. Discharged October 
11. Original fever lasted thirty-four days. Patient was afebrile for six days 
and then had relapse of eleven days’ duration. Complicated by phlebitis Sep- 
tember 4. Took food well. No gastric or intestinal disturbance. Not restless. 

Thirty-third day of disease, T. 99.2-100.6; 40 food calories per kilogram. 
Convalescence, from the first to the third day, from 51 to 58 calories per kilo- 
gram. Relapse, first to sixth days, T. 97-104.2; from 56 to 61 calories per 
kilogram. Seventh day, T. 98.8-101.8; 47 calories per kilogram. Eighth day 
relapse to ninth day convalescence, from 71 to 110 calories per kilogram. Tenth 
day, 108 calories per kilogram. Eleventh to twentieth days, from 86 to 117 
calories per kilogram. Twenty-first day food not measured; approximately 
100 calories per kilogram. 

Frank R., weight 61.6 kg., aged 18, of medium build. Typhoid fever of 
severe type. Admitted Oct. 2, 1911, twenty-first day of disease. Discharged 
November 22. Original fever lasted twenty-eight days. No relapse. No gas- 
tric or intestinal disturbance. Not restless. 

Charles S., weight 57.7 kg., aged 21, of medium height. Typhoid fever of 
moderate severity. Admitted Aug. 5, 1911, the third day of disease. Discharged 
convalescent, October 13. Original fever lasted twenty-one days. Relapse on 
eighteenth day, fever continuing to fifty-first day. Last experiment on twen- 
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tieth day. Severe recurrent epistaxis from the twenty-sixth to the thirty-eighth 
day caused a suspension of the observations. Took food well. No diarrhea 
or tympanites. Not restless. 

Tenth day of disease, T. 99.5-100.8; 75 food calories per kilogram. Eleventh 
day, T. 99.5-101; 67 calories per kilogram. Twelfth day, T. 99.5-101.4; 49 
calories per kilogram. Thirteenth and fourteenth days, T. 98.4-100.0; from 
61 to 76 calories per kilogram. Fifteenth day, T. 99.8-102.7; 77 calories per 
kilogram. Sixteenth to eighteenth days, T. 96.8-99.8; from 75 to 78 calories 
per kilogram. One day relapse, T. 100.8-102.8; 54 calories per kilogram. Sec- 
ond day, T. 102-103; 67 calories per kilogram. 

William M., weight 67.3 kg., aged 32, of moderate height, rather stout. 
Typhoid moderately severe. Admitted October 16, 1911, the twentieth day of 
disease. Discharged November 9. Complication serofibrinous pleurisy. Origi- 
nal fever lasted thirty-eight days. No relapse. Good appetite. No gastric 
disturbance or diarrhea. Not restless. 

Twenty-third day of diseasé, T. 102-103; 89 food calories per kilogram. 
Twenty-fourth day, T. 100.5-103; 92 calories per kilogram. Twenty-fifth day, 
T. 100.2-103; 83 calories per kilogram. Twenty-sixth to thirtieth days, T. 99.2- 
102; from 68 to 87 calories per kilogram. Thirty-first day, T. 99-101; 76 
calories per kilogram. Thirty-second day, T. 98.8-101; 66 calories per kilogram. 

Archie C., weight 48.2 kg., aged 35, tall and thin. Typhoid of mild type. 
Admitted to alcoholic service, September 24, 1911, the sixth day of disease. 
Transferred to medical service, September 26. Discharged, November 8. Fever 
lasted thirty-one days. No relapse. Patient irrational at times, at first prob- 
ably from alcoholism. Suffered from severe nausea and vomiting early in dis- 
ease, probably from alcoholic gastritis. Slight diarrhea to nineteenth day. 

Seventeenth day, T. 101-103; 87 food calories per kilogram. Eighteenth to 
twenty-fourth days, T. 99.8-103.5; from 55 to 83 calories per kilogram. Twenty- 
fifth day, T. 99.4-102.2; 102 calories per kilogram. 

Hugh K., weight 66.8 kg., aged 32, large and muscular. Typhoid fever of 
very severe type. Admitted Sept. 29, 1911, probably fifth day. Discharged, 
November 9. Original fever lasted thirty days. No relapse. Took food 
extremely well. No gastric or intestinal disturbance. Was given whisky till 
October 10. Not restless. 

Twenty-first day of disease, T. 101.2-103; 81 food calories per kilogram. 
Twenty-second and twenty-third days, T. 99.8-102; from 73 to 92 calories per 
kilogram. Twenty-fourth day, T. 99-101; 92 calories per kilogram. 

Salvatore L., weight 43.9 kg., aged 17, a thin, growing boy. Typhoid fever 
of mild type. Admitted, Sept. 5, 1911, seventh day of disease. Discharged, 
October 11. Original fever lasted eleven days. Patient was afebrile for five 
days and then had a relapse of seven days’ duration. Patient suffered from 
slight nausea at times but for the most part took food well. No restlessness. 

Convalescence first to sixth days, from 37 to 76 calories per kilogram in 
food. Relapse, first and second days, T. 97.6-102; 76 calories per kilogram. 
Third day, T. 97.8-102; 141 calories per kilogram. Fourth day, T. 98.3-102; 
170 calories per kilogram. Fifth day, T. 98.2-101.6; 125 calories per kilogram. 
Second convalescence, first to fourth days, from 86 to 94 calories. Fifth to 
ninth days, from 140 to 166 calories per kilogram. 

Alexander C., weight 58.9 kg., aged 36, of medium frame. Typhoid fever, 
severe type. Admitted July 14, 1911, eighth day of disease. Discharged, October 
3. Original fever lasted ten days followed by relapse of thirty days’ duration. 
Complications on admission, severe bronchitis with pleurisy. Took food poorly. 
Patient suffered from tympanites until well along in disease. Was incontinent 
of urine and feces much of the time. Irrational at times. 

Sixth to tenth days of convalescence, from 86 to 89 food calories per kilo- 
gram. Eleventh day, 104 calories per kilogram. Twelfth day, 89 calories per 


| 


188 THE ARCHIVES OF INTERNAL MEDICINE 


kilogram. Thirteenth to seventeenth days, from 83 to 113 calories per kilogram. 
Eighteenth day, 78 calories per kilogram. Nineteenth day, 112 calories per 
kilogram. Twentieth day, 113 calories per kilogram. 

Louis M., weight 48.6 kg., aged 22, short and slight. Typhoid fever. Admit- 
ted Sept. 7, 1912, the ninth day of the disease. Discharged convalescent, October 
30. Type of disease severe, fever lasting twenty-eight days. No relapse. Took 
food well. No diarrhea or gastric disturbance. Returned in March, 1913, to 
serve as a normal control. 

Seventh to eleventh days of convalescence, from 64 to 69 food calories per 
kilogram. 

Hugo T., weight 63.2 kg., aged 17, tall and muscular. Typhoid fever of 
severe type. Admitted Aug. 28, 1912, recorded as sixth day of disease but 
uncertain. Discharged Oct. 25, 1912. Fever lasted to thirty-second day. 
Delirious early. Did not take food well until steep-curve period. In convales- 
cence took up to 7,000 calories a day. No diarrhea or tympanites. Not restless. 

Twenty-first day of disease, T. 101.2-103; 81 food calories per kilogram. 
Twenty-second and twenty-third days, T. 99.8-102; from 73 to 92 calories per 
kilogram. Twenty-fourth day, T. 99-101; 92 calories per kilogram. 


TABLE '7.—Curnicat Data, JoHn H. 


Food 


Day of | 
Total Cal. 
Convales- Urine Feces N, 
Calories | Per kg. Fat, Carb. | Nitrogen, 4 4 ine 
cence | on. on. gn. N. Balance 
2 3,144 58 265 | 107 9.7 89 | 10 —02 
3 2,500 46 179 ~~=-:150 79 8.5 08 —14 
4 4,220 78 216 | 430 172 92 17 | +63 
5 4,100 74 219 413 146 92 15 | +39 
6 3,550 64 181 | 353 16.2 92 1.6 +5.4 
7 2,950 | 11.9 8.7 12 +20 
8 3,010 53 | 2 | 600 11.1 70 | il +3.0 
9 3,020 53 | 2 | 612 10.3 59 | 10 +3.4 
10 2,950 52 26 | 504 10.3 69 | 10 +24 
11 3,202 56 129 425 10.2 61 | 10 +31 
12 2,980 52 26 604 10.3 77 | #10 +16 
13 3,140 55 119 | = 98 7.0 1.0 +18 


ADDAL 


+ Assumed 10 per cent. of food N. 


The tables of clinical data, Tables 6 to 8, need little explanation. 
In three cases, John H., Frank W. and Joseph T., the clinical and 
experimental data have been given in full. In the rest of the cases 
the lengthy tables have been abbreviated as much as possible. The 
days of the disease are numbered from the time when the patient first 
began to feel definitely sick and not from the time he first took to 
bed, since many typhoid patients take to bed only when the disease is 
well advanced. The febrile period has been divided, somewhat arbi- 
trarily perhaps, in order to make it possible to compare the different 
cases. No observations were made in the period of ascending tem- 
perature (“First Week”), and only two in the continued tempera- 
ture period (“Second Week”). During the so-called early steep- 


Body 
Weht., 
kg. 
54 
| 54 
55 
55 
| 55 
56. 
56 
| 56 
56. 
57. 
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curve period (“Third Week’), when the temperature made sharp 
remissions but never touched normal, twenty-one experiments were 
recorded. In the late steep-curve period (“Fourth Week’’), with a 
temperature dropping to normal almost every morning, there were 
thirty-three observations; five observations were made during a 
relapse. During convalescence, the days are numbered from the first 
day of normal temperature, and the results grouped in actual weeks 


TABLE 9.—REsprration— 


Recent Food During Experiment 


Day of Start of 
Disease Experiment 


Fat, Carb., | Prot., Average | Average 
i gm. gm. gm. Temp. Pulse Resp. 
| 


12 15 
ll | (14 


33 | 2 
70 


42 
70 


18 42 
12 


21 29 
10 


22 | 9:00 a.m. 


(Late Steep- 
24 


28 


23 | 118 


99.0 107 18 


30 00m | 43 
17 
we 99.0 107 16 


§ 


* Unusually low total nitrogen in urine on this day. + First experiment with this patient 


of seven days. In 1911 the twenty-four-hour specimens of urine 
were collected by the head nurse personally, preserved with thymol 
and chloroform and analyzed the day the specimen ended. In 1912 
each voiding was kept separate and preserved in an ice-box with the 
addition of toluene. The voidings for the whole day were either united 
or analyzed separately if it were necessary to fractionate the urine. 
Nitrogen determinations were made by the Kjeldahl method, glucose 


| | Per 
— | Temp.) | 
1 p. m. 9:00 a.m. | 8 
| 1:30pm.| | 27 4.3 
14 | | 9:00am. 12 
1:00pm.) .. 103.2 12 | 26 44 
| 
|: 
2:57 11:00am.) .. | | 1030 | 100 22 4. 
| 
2 | 1028 | 104 24 49. 
| | | 
7 | 1030 | 104 is 42: 
| 7 | 1028 | us | 17 
Curve Period) 
|12:00m. 37 23 «(25 | 
3:06 2:30pm.| 17 | 10 | 7 | 105 16 3.94 
| 
= | | 30 26 
3:25 2:30 p.m. | 19 4.67 
302 
3.92 
tEst 
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by the methods of Stanley R. Benedict** and creatinin by Folin’s?® 
method. In 1912 these analyses. were made by Mr. Gephart. The 
cases in which the stools were analyzed, Charles S. and Frank R., have 
been described in a previous publication.* In all other cases the fecal 
nitrogen was estimated at 10 per cent. of the food nitrogen. The 
patients were weighed as frequently as possible by means of the 
scales previously described."” 


EXPERIMENTS, FRANK W. 


Per Kg. and Min. : Calculated Heat Production eo 
Per Cent. Calories from Cal. Per Cal. Per Cal. 
nent Sq. M., Kg. Per Per Kg. 
Prot. | Fat Carb. Per Hr. | 24 Hours 


CO.,, ¢.c. O;, ¢.c. 


| 


tEstimated. § Auspumpung in all subsequent experiments. 


The calculation of the urinary nitrogen for the fifteen-minute 
period is necessarily somewhat inaccurate ; no method is entirely satis- 
28. Benedict, Stanley R.: The Detection and Estimation of Glucose in Urine, 
Jour. Am. Med. Assn., 1911, Ivii, 1193. 
29. Folin, O.: Beitrage zur Chemie des Kreatinins und Kreatins im Harne, 
Ztschr. f. Physiol. Chem., 1904, xli, 223. 
30. Coleman: Diet in Typhoid Fever, Jour. Am. Med. Assn., 1909, liii, 1145. 


| | | 
| | | 
4.35 | 548 | 0.79 48.3 37.6 | 39 
| | 
448 | 522 | 286 25 29 | 46 46.0 35.8 35 
| 533 | 19 65 16 46.1 39 | 46 
| | 2 | | 50.0 2 | 
| | | | 
| (489) 87 29 23 #8 425 | 33.5 50 
Biss | so | 2 | 19 64 | 17 | 428 33.7 35 
| | | | 
39% (5.10 77 24 15 43.3 | 76 
| | | 
467 | S71 82 2 | #4 | 3 49.5 38.8 | 76 
| | | 
463 | 487 | 95 15t 44.2 347 68 
3.92 4.58 86 A 40,7 3.19 


TABLE 10.—REeEspiration EXPERIMENTS, 


Recent Food During Experiment 


Fat, Carb., | Prot., Average | Average 
gm. gm. gm. Temp. Pulse Resp. 


Joseph T.: 
( Curve Period) 
| 


(Late Steep- Curve Period) 
36 | 2:51 p. m. 


| 11, 12, 1,2, | 
| 3:00 p.m. | 


* Eighteen hours after last food. + Seventeen- minute period. 


| 
Day of Start of 
Disease Experiment | 
| | | | 
3:02 p. m. 2:45p.m.|; 18 16 8 102.2 83 15 
ae 12:00 m. | 4a | 539 | 2 | 1014 83 16 
| | 102.0 78 14 
38 | 2:17 p. m. 20 m. | 48 | 66 35 101.0 83 18 
| 3:41 p. m. 2 :36.p.m. | 125 101.8 85 21 
39 12:00 m. (38 | 12 | 21 
3:46 p. m. 2:16 p.m. oi 15 | 8 100.2 80 17 
(Convales cence) 
2 | 9:00am. | 38 | 47 17 
| 3:21 p.m. |11:00am.| .. | 12 | .. 99.0 73 | 
| 4:17 p.m. | 99.0 4 15 
| 3:19p.m. | 11:00a.m. ig | 125 | 98.3 70 17 
| 4:17p.m¢| ...... | 98.3 | 
| | 
4:04 p.m. | 1:00pm.) 4 | 115 | 99.2 93 | 16 
6 43 71 #| #9 
| 347 p.m. | 2:00p.m. 18 69 8 98.2 81 15 
John H.: 
(Convales cence) 
3 10:41 a. m.* | 4:30 p.m* 62 28 | 16 98.5 66 15 
| 
11 
10:13 a.m. | 10:00a.m. | 0 28 3 98.4 71 15 
11 | 
| 4:00 p. m. pe 11 28 3 98.4 82 10 7 
13 10:10am. |10:00am.| 0 23 | 3 98.6 7 «(2 
10:54 a. mt | ...... 98.6 74 12 
3:12 p.m. | 3:00p.m. 11 a | 3 98.6 82 12 | 
| 4:03 p. m. 98.6 78 12 | 
t 


—JosepH T. AND JoHN H. 


Per Kg. and Min. Calculated Heat Production — 
R. Q. Per Cent. Calories from Per Sq. Cal. Per vad i 
CO., cc. | Ox, M Pr Kg. Per | Per Kg. 
P Prot. Fat | Carb. Hour 24 Hours aes 
4.07 5.42 0.75 48.3 36.7 38 
4.07 5.32 77 478 36.2 67 
4.02 5.13 78 | 46.3 35.1 
4.53 5.36 85 | 49.2 37.2 70 
4.56 5.08 90 47.1 358 
| 
4.03 4.57 88 | 42.1 320 | 
3.86 4.04 96 38.1 28.9 | 
374 4.25 88 | 396 28 | 8 
377 | 403 38.1 28.6 
3.95 3.97 1.00 14 0 86 38.9 21 | 87 
3.55+ 3.55— 1.02 15 0 | 85 35.0 26.1 
4.74 559 | 85 320 | 39 | 87 
4.98 6.16 81 56.7 ee aa 89 
4.95 5.30 93 | 490 | 376 
| 
2.83 3.92 722 16 83 | 1 337 | 263 46 
4.11 4.05 1.02 10 0 90 38.1 293 | 52 
4.24 382 | Ll 10 0 90 364 | 280 
4.52 5.06 | 89 8 31 61 4.3 | 356 
451 | 409 | 1.10 11 0 89 39.2 29.9 55 
433 | 423 | 103 11 0 89 40.1 30.6 
4.78 456 | 1.05 10 0 | 9% 43.4 33.1 
495 | 490 | 101 9 0 | 91 46.3 35.4 
| | | 


t Twenty-minute period. 


TABLE 11.—Resprration Experiments, CHARLES— 


Recent Food During Experiment 


Day of Start of | 


Average Average 
Pulse | Resp. 


Disease Experiment 
| 


Charles S.: 


(Late Steep- 
15 


( 
(Second Day | of Relapse) 
9:30 a. m. 
10:35 a. m. 
12:10 p. m. 
William M.: 
( wad Curve Period) 
24 


25 


(Late Steep- 
31 


32 


Archie C.: 
( 


25 112:00m. | 44 
6 


t 

(Ear eep- 71 

24 : 65 

: 75 


* Whisky, 15 c.c., with noon meal. 


| Fat, Carb., Prot., 
Time gm. | gm. gm. | Temp. | 
| | 
(Early Steep- | Curve Period) 
10 12:30 p.m. 
| 3:16 p. m. 2:30 p.m. 99.4 66 30 
| 3:57 p. m. 99.4 66 19 
12 | | 7:00am.| 18 | 70 10 | 
| 11:41 a. m. 9:00 a.m. 13 52 8 100.2 58 18 
1:01 p. m. 1:35 p.m. 12 53 2 100.2 61 es 
2:37 p. m. 100.2 61 18 
| | 
Curve Period) 
alias 12:00 m. 58 132 47 
3:25 p. m. 2:30 p.m. 13 52 8 101.2 64 16 
4:06 p. m. | 101.2 65 17 
| | 
6:45 p.m. 13 32 | 8 
7 :00 a.m. 2 43 | 2 100.0 74 | 21 
9:55 a.m. 12 53 2 100.0 | 72 19 
| | 
12:00m.* | 58 119 42 | 
2:30 p.m. 18 30 8 102.2 so 17 
12:00 m.* 74 99 45 
| 3:42 p. m. 2:30 p.m. 35 78 14 102.8 97 | 17 
12:00 m.* 72 130 «4855 
2:36 p. m. 2:29 p.m. 25 95 12 101.5 92 17 
3:27 p. m. 102.0 90 | 14 
Curve Period) 
9:00 a.m. 67 76 31 
2:41 p.m. |12:00m* | 64 93 49 100.0 97” 
3:31 p. m. pew 100.0 | 16 
4:31 p. m. | 100.2 | 90 | 15 
| 9:00 a. m. 9:00 a.m. 35 68 14 
2:52 p.m. |12:00m. 73 121 | s2 | 1003 1 | 6 
| 
11:45 a.m. 28 24 23 
2 125 102.7 100 22 
2 | | 
50 3 100.6 94 15 
| 19 102.8 106 14 
44 
100.4 109 18 
| 


_S., WILLIAM M., ArcHie C. AND HucH K. 


Per Kg. and Min. | Calculated Heat 


Production 
Food for 
R. Q. 24 Hours, Body- 
. Cal. Per Cal. Weight, 
COs, ¢.c. | O:, C.c. Cal. per Sq. Kg. Per Per Kg. kg. 
| | M. per Hour | 24 Hours 
441 | 482 0.92 448 34.1 75 
4.44 4.83 0.92 448 34.1 
3.94 4.47 0.88 41.2 314 | 49 
3.87 4.23 0.91 39.1 299 | 
4.02 4.46 0.90 412 31.4 | 
| 
441 4.78 0.93 44.4 33.8 77 57.7 
4.49 5.04 0.89 46.5 35.4 
3.89 4.70 0.83 42.5 32.4 67 58.6 
3.86 4.76 0.81 43.2 32.8 
4.11 4.67 0.88 42.8 326 | 
| 
4.56 5.09 0.90 49.2 358 | 89 
5.15 5.55 0.93 542 39.4 92 67.3 
: 4.66 491 0.95 48.3 35.0 83 
4.85 | 5.09 0.95 50.0 36.3 
| 
4.93 5.16 0.96 51.0 36.8 76 
4.86 5.04 0.96 50.2 36.2 
4.60 471 0.98 46.9 33.8 
4.49 4.77 0.94 47.1 34.0 6“ | 
4.38 | 5.33 0.82 448 36.4 87 
4.56 4.96 0.92 43.6 35.1 102 | 
5.18 | 5.73 0.90 55.4 | 40.1 81 
0.93 52.1 38.0 2 


+ Nine-minute period. 


| | 
1 
9 
0 
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factory. A few well-trained patients were able to void every two 
hours, and the calculations are based on such fractional specimens. 
In most cases the twenty-four-hour specimen was used because it 


TABLE 12~— 


Per Kg. and Min. 


Time After Temperature 
Day of Last Meal, ring 
Disease Hrs., Min. Experiment 
CO,, c.c. c.c. 
Salvatore L.: 
(Last Day of | Fever) 
10 2-57 99.6 4.57 6.10 
3-46 99.6 4.48 6.16 
(Relapse) 
4 1-23 102.2 6.62 6.32 
1-57 102.2 6.37 6.53 
3- 7 100.2 5.47 6.34 
0-31 100.2 5.37 5.83 
1-17 100.2 5.85 581 
(Second Con | valescence) 
6 1-58 98.2 6.43 6.12 
7 2-39 98.4 5.70 5.98 
0.43 98.4 6.17 6.06 
1-37 98.0 6.01 6.27 
i) 0-41 98.0 6.12 5.87 
1-20 98.0 6.05 5.65 
John C.: 
(Early Steep- | Curve Period) 
35 0-15 101.0 3.38 4.30 
39 7-35 103.2 3.36 471 
Abe B.: 
(Late Steep- | Curve Period) 
37 3- 0 100.2 3.75 3.95 
3-49 100.5 3.88 4.14 
39 1-05 99.2 5.77 6.56 
1-54 99.4 5.70 6.22 
43 1-26 99.6 3.98 4.09 
2- 0 99.8 3.82 3.82 
Anton V.: 
(Late Steep- | Curve Period) 
33 2-51 100.0 3.69 4.55 
(Convales | cence) 
3 2-33 98.4 3.35 | 3.89 
1-30 98.4 3.37 3.70 
3-28 98.4 3.28 3.82 
(Relapse) | 
7 7-56 101.6 3.80 4.65 
0-49 101.8 4.32 5.41 
(Second Con | valescence) 
10 2-28 98.0 4.62 4.69 
3-43 98.0 471 4.55 
4-56 98.0 3.95 4.06 
21 3-42 98.0 4.64 481 


seemed fair to assume that with patients on a liberal diet of moderate 
nitrogen content, fed at frequent intervals, the protein metabolism 


would not vary greatly from hour to hour. 


|_| 
—R 
| | | 
| | 
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In most of the tables of the respiration experiments (Tables 9 to 
11), the composition of all food administered within the five or six 
hours preceding the observations with the Benedict machine has been 


_RespIRATION EXPERIMENTS 


Heat Production 


for 
R. Q. ours, Weight 
Cal. Per Kg. Cal. Per Kg. 
Per 24 Hrs. 
| er Hour 
| 
75 | 41.4 49.5 73 43.9 
73 41.5 49.6 | 
1.04 48.7 58.3 170 44.3 
97 | 46.7 55.8 
86 43.9 52.5 125 
‘92 40.9 49.2 
1.01 43.1 51.7 
1.05 44.0 53.5 149 
95 42.7 52.1 166 46.1 
1.02 43.7 53.2 
96 448 54.6 
1.04 45.0 55.0 142 | 47.3 
1.07 44.5 54.4 | | 
79 29.4 39.6 54 | 62.3 . 
70 31.7 42.5 53 627 
| 
94 28.0 39.9 55 | 748 
95 29.2 417 | 
88 45.9 65.8 64 
92 43.9 62.9 
97 29.2 41.7 48 74.5 
1.00 28.1 40.1 
81 298 39.9 40 62.3 
86 27.1 36.2 31 61.1 
91 26.1 34.7 
86 26.6 35.4 
82 32.1 46.7 47 598 
‘80 37.1 49.2 
9 33.6 45.2 108 61.8 
1.04 32.6 43.8 
98 29.8 39.9 
97 34.5 47.1 65.5 


given, since different meals affect metabolism in different ways. In 
all cases in which the meal consisted of carbohydrate alone, nothing 
but lactose in lemonade was given. In the abbreviated tables (Tables 


198 THE ARCHIVES OF INTERNAL MEDICINE 


12 to 14), these data have been omitted for the sake of brevity. When 
the non-protein respiratory quotient was over 1, it has been assumed 
that carbohydrate was being converted into fat and the extra heat 
due to this has been calculated by the method described by Lusk," in 


TABLE 13~ 


Per Kg. and Min. 


Time After Temperature 
Day of Last Meal, During 


Convalescence 
Hrs., Min. Experiment 
O,, 


SESE 


(Early Steep- Curve Period) 
27 0-41 
(Late Steep- | Curve Period) 


5-23 
2-17 
3-32 
1-13 
2-9 
0-56 
1-39 


which 1 liter of excess of carbon dioxid over and above the volume 
eliminated, when the respiratory quotient is unit, is given the value 
of 0.803 calories. 

31. Williams, Riche and Lusk: Animal Calorimetry, Second Paper, Meta- 


bolism of the Dog Following the Ingestion of Meat in Large Quantity, Jour. 
Biol. Chem., 1912, xii, 358. 


| | 
| | 
Louis M.: 
7 0-46 99.2 5.75 
1-38 99.2 5.60 
10 2-30 99.8 4.84 
ll 0-58 99.2 5.00 
Hugo T.: 
24 1-18 98.2 5.11 
26 14-26 978 3.29 
0-30 98.4 5.37 
1-16 98.4 | 5.03 
98.4 5.13 
32 17-30 98.0 3.42 
1-9 98.4 3.53 
Frank R.: 
3 0-43 98.0 4.96 f 
5 3-34 98.2 4.92 
Alex C.: 
6 0-42 98.4 4.64 03 
1-46 98.0 4.60 2 
10 0-35 98.8 461 
1-38 99.2 4.30 70 
12 1-38 99.0 4.47 4.70 
18 5-42 99.0 4.48 4.62 
20 0-44 99.8 | 4.78 5.23 
1-26 99.8 | 4.99 5.26 
30 4-33 101.8 5.08 6.38 
| 1018 5.04 6.53 
32 100.2 4.62 5.51 
100.2 474 5.57 
33 100.2 5.30 6.11 
100.2 | 5.20 5.73 
37 100.0 5.10 5.72 
| 100.0 | 4.94 5.48 
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DISCUSSION OF RESULTS 
As has been stated, the present investigation was undertaken pri- 
marily to discover the fate and general influence on metabolism of the 
large amount of food which is given to typhoid-fever patients in this 


RESPIRATION EXPERIMENTS 


Heat Production 
| goss for x 
R. Q. 4 Hours, Weight, Kg. 
Cal. Per Kg. Cal. Per Kg. 
Per 24 Hrs. Per ‘Hoer < 

1.03 40.5 50.0 64 48.6 
1.02 39.7 49.0 

8l 40.8 50.2 68 

84 41.3 51.0 68 48.4 

92 | 39.2 52.8 87 63.2 

79 28.5 38.4 54 63.6 

8 39.4 53.1 

99 | 36.5 49.2 

9 37.3 50.2 

8&3 28.2 37.9 29 62.5 

84 29.2 39.2 

97 36.6 48.8 99 61.6 
1.02 34.6 46.3 | 66 

92 35.6 47.1 88 58.9 

36.6 48.3 

92 35.4 47.1 86 59.5 

91 33.2 44.2 | 

95 33.5 44.7 89 59.9 

97 33.1 44.7 78 

91 36.9 50.0 113 63.6 

95 37.5 50.6 

84 49.3 64.2 63 56.1 

80 43.3 56.3 71 55.7 

77 44.1 57.1 | 

84 37.9 492 76 56.0 

85 38.4 49.8 | 

87 42.4 55.0 88 55.2 

91 40.1 51.9 

89 40.2 51.9 | 

90 38.6 50.0 


clinic. So many factors enter into the figures appearing in the tables 
that it is difficult to classify the results. Moreover, most of the state- 
ments in the following discussion have been based on the averages 
obtained in the different periods of the disease, and it must be remem- 
bered that the limits of variation may be considerable as is shown in 


Figures 1 and 2. 
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The question of varying weights is fairly easily disposed of. The 
average weights of the high-calory cases investigated during the 
febrile period was 59.4 kg., and during convalescence 56.3 kg. The 
average weight of the cases of Kraus, Svenson, Grafe and Rolly which 
have been used for comparison was 53.7 kg. in the febrile period and 
50.4 in convalescence. According to the table of normal controls this 
difference of about 6 kg. would make the lighter patients show an 
increase of only 2 or 3 per cent. in metabolism when the calories were 


TABLE 14.—Resprration EXPERIMENTS WITH “AUSPUMPUNG” (CARBON Droxip AND REs- 
PIRATORY QuoTIENT Propasty Too HicH on Account or INCREASING 
VENTILATION ) 


Per Kg. and Min. | Cal. per Kg. for 24 Hrs. 


Day of Start of — 
Convales- Exper. | Produced | 
| | COs, c.c. | Food 

rom O: 


— 
DD 
E8958 


— 


SREKERERE 


RSE 


— 


PRPPPPPP PPP 
355588888 


| 
| 
| 


ww 
N 


*Seventeen hours after food. + Twenty minutes after period. 


calculated according to body-weight. The metabolism of both the 
high-calory and fasting groups of. typhoid cases can therefore be 
compared with the normals whose weights were between 50 and 60 
kg. and whose heat production averaged 26.5 calories per kilogram. 
Table 15 gives a direct comparison of the averages of the fasting 
and the high-calory cases in the different stages of the disease and 
convalescence. As with the normal controls, the metabolism of the 
fasting patients was calculated from the average oxygen consumption 
and the average quotient. The tables of Magnus-Levy were used, 


Frank W.: 
1 485 5.23 93 36.7 73 
5.21 99 38.2 
4 5.22 1.12 42.9 83 
436 | 113 36.1 
6 4.15 97 29.6 68 
4.36 1.09 35.1 
5.11 41.7 
5.21 | 41.0 
8 4.69 1 39.9 71 
Louis M.: 5.82 1 48.5 
8 6.22 1 45.3 65 P 
5.48 1 40.7 
19 5.18 1 37.2 37 
5.06 1 37.1 
4.77 l 35.3 
498 1 36.4 
23 4.77 1 348 40 
4.94 1 368 
| 4.68 34.4 
| q 
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and although the protein furnished more than 15 per cent. of the tota} 
calories, it might have furnished 20 per cent. without making a dif- 
ference of 1 per cent. in the caloric value of the oxygen. The calories 
per kilogram of the groups of high-calory cases are calculated in the 
same manner in one column, and next to it are given the averages of 
calculations made according to the more accurate method of Loewy, 
using the urinary nitrogen. The results of Kraus, Svenson, Grafe and 
Rolly have been recalculated according to calories per square meter 
of body-surface per hour for comparison with the high-calory cases. 
In the last two columns of the table a percentage comparison has 
been made showing that in the steep-curve period of typhoid fever 
the liberally fed patients have a metabolism from 36 to 40 per cent. 
higher than normal, while the fasting patients show an increase of 
23 or 24 per cent. During convalescence the relation of the high- 
calory cases to normal is about the same, but the increase over the 
fasting patients is much greater. It is unfortunate that we have been 
unable to study a series of typhoid patients on low diets, but we have 
not felt it justifiable to withhold food. For this reason it has been 
necessary to use the work of others as a basis of comparison. The 
somewhat lower metabolism of the fasting cases of other observers 
may have been due to the low state of nutrition. 


HEAT PRODUCTION 


Febrile Period.—Since only two observations were made on the 
high-calory cases in the period of continued temperature, a percentage 
comparison of their heat production with that of the fasting cases 
would not be justified. 

In the early steep-curve period the high-calory cases show an 
increase of 5 per cent. in metabolism over fasting patients, calculated 
according to body weight; in the late steep-curve period the increase 
amounts to only 2 per cent. Calculated according to surface area, the 
percentage increases are 11 and 13 per cent., respectively. 

The absence of a greater increase in metabolism when patients 
were taking from 60 to 100 and more food calories per kilogram per 
day directly raises the question whether or not food exhibits a spe- 
cific dynamic action in fever. This slight increase in metabolism is 
all the more noteworthy since the fasting patients were studied in 
the early morning when, it may be assumed, the temperature and 
metabolism were lowest for the day, while the high-calory patients 
were studied in the afternoon, usually shortly after food. 

That the total metabolism of normal subjects is raised after the 
taking of food, and particularly after protein food, has been proved 
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repeatedly by the work of Voit,’*? Rubner,** Magnus-Levy,** Lusk,** 
Howland* and many others. Recent studies by Lusk** have shown 
that, in the case of protein, this is due to the stimulus of the amino- 
acids, and in the case of fat and carbohydrates to a plethora of fat and 
carbohydrate metabolites in the circulation. 

These results of Lusk’s confirm Rubner’s observation that the spe- 
cific dynamic action of a mixed diet does not represent the sum of the 
specific dynamic actions of the individual foodstuffs in the diet, but is 
considerably less than this. 


TABLE 15.—Taste or Averaces: HicH-Catory Cases Comparep witH Norma. 


GRAFE AND~ 


Kg. and Min. 


Fast- High 


igh 
ing Fasting Calory 


Normal controls, weight 
Typhoid patients, continued 
temperature period 
Early steep-curve period... 
Late steep-curve period.... 
Convalescence, first week.. 
Convalescence, second week 
Convalescence, third week 
Convalescence, fourth and 
fifth weeks ’ 
Several months after re- 


| 


*Reckoned from calories per square meters body-surface. 
+12 Normal controls, weights from 50 to 83 kg. in bed calorimeters. 


32. Voit, Carl: Physiologie des Stoffwechsels und der Ernahrung, 1881, 
pp. 308, 311. 

33. Rubner: Die Gesetze des Energieverbrauchs, 1902. 

34. Magnus-Levy: Ueber die Grosse des respiratorischen Gasewechsels 
unter dem Einfluss der Nahrungsaufnahme, Arch. f. d. ges. Physiol. (Pfliiger’s), 
1894, Iv, 1. 

35. Lusk: Third Paper, Metabolism After the Ingestion of Dextrose and Fat, 
Including the Behavior of Water, Urea and Sodium Chlorid Solutions, Jour. 
Biol. Chem., 1912, xiii, 27; Sixth Paper, The Influence of Mixtures of Food- 
stuffs on Metabolism, ibid., 1912, xiii, 185. 

36. Howland: Der Chemismus und Energieumsatz bei schlafenden Kindern, 
Ztschr. f. Physiol. Chem., 1911, Ixxiv, 1. 

37. Lusk: Fifth Paper, The Influence of the Ingestion of Amino-Acids on 
Metabolism, Jour. Biol. Chem., 1912, xiii, 155; The Cause of the Specific Dynamic 
Action of Protein, Tae Arcuives Int. Mep., 1913, xii, 485, and the references 


given in Footnote 35. 


_Ro 
— 
Number of | O: cc. Per Cc 
| Observations | R. Q. 

| = 

\ 33 5.35 78 0.83 
5.11 76 0.87 
23 | 5.20 76 0.88 
90 4.98 8&2 0.93 : 
08 4.85 84 1.01 
19 5.00 92 0.95 4 
30 4.85 .96 0.91 : 3 
co 10 | ee | 3.85 | | 81 4 
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While our study of the specific dynamic action of food in typhoid 
fever is not yet completed, it is clear, from the figures in the tables, 
that, compared with fasting cases, the high-calory patients, even when 
taking enormous amounts of food, exhibit only a slight, if not negli- 
gible, increase in heat production, and we would suggest, tentatively, 
as the explanation that the stimulation of metabolism by the toxic 
agent of the disease is so intense that further stimulation by food is 
insignificant. This would be analogous to the absence of summation 
of the specific dynamic actions of foodstuffs in a mixed diet or to 


CONTROLS AND wiTtH Fastinc (Nicutern) Low-Catory Cases or Kraus, SvENSON, 


-ROLLY 
Cal. per . Cal. per Square Percentage 
Kg. per Cal. vor Ke. pl 24 Hours Meters Increase Above* 
24 Hours 8 may Body Surface Normal Controls 
Calculated Calculated High 
Fasting from N. of from Av. O: Fasting High Fasting Calory 
Urine and Av. R. Q. Calory Patients Patients 
| 
26.5 | 34.2¢ 
36.4 35.9 37.0 47.3 47.2 38 37 
33.9 35.6 35.7 42.4 46.9 23 36 
35.6 36.3 36.0 42.6 48.0 24 40 
26.9 35.8 34.9 34.0 45.3 —1 32 
28.3 37.0 36.0 35.9 45.0 4 | 31 
29.7 36.2 35.7 38.4 48.1 12 40 
30.6 359 35.4 38.0 458 11 | 33 
26.5 | 399 | 


the absence of specific dynamic action when the heat production is 
increased through subjection of a normal individual to the influence 
of cold. 

Clinically the observation is important in that it proves unfounded 
the fear that large amounts of food in the febrile period of typhoid 
may cause too great an increase in heat production and, in turn, a 
rise of the fever temperature, thus confirming by scientific experi- 
ment the early clinical belief of von Hoesslin,** that large quantities 
of ingested food were without influence on the temperature or heat 
production in fever. 

38. Von Hoesslin: Experimentelle Beitrage zur Frage der Ernahung fiebern- 


der Kranker, Virchow’s Arch. f. path. Anat., 1882, Ixxxix, 95, 303; Ueber den 
Einfluss der Nahrungszufuhr auf Stoff und Kraftwechsel, ibid., p. 333. 
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Convalescence—Throughout convalescence—at least into the 
fourth week—the metabolism of the liberally fed patients is just as 
high as during the fever. Yet the returning control of the heat- 
regulating mechanism permits rapid dissipation of the excess of heat, 
and the temperature remains normal. The reason for the continu- 
ance of the high metabolism into convalescence is not clear. It may 
be that, as the stimulation of metabolism, which the disease causes, 
disappears, the specific dynamic action of the food again becomes 
manifest; the convalescing organism may be doing its work uneco- 
nomically, as Svenson believes, or the basal metabolism of the typhoid 


TABLE 16.—Foop Regurrep to Bring TypHom Patients Into Nitrocen EQuitisrrum 


Average 
Day of Range of Food Cal. | Food N. N. 
Disease | Max. Temp. Per Kg. Per | Per 24 Balance 


= 
| Average | Average 
| 24 Hours | Hours | Per24Hrs. 


104.4-102.0 
100.4-101.0 
104.0-103.2 

| 103.6-102.8 
Charles N.t.. 102.0-101.8 
Michael | 102.0-100.5 


102.0-102.0 
102.0-104.0 
101.0- 99.6 
103.1-103.6 
103.6-103.8 
100.9-103.4 


* Shaffer and Coleman (Footnote 1.) + DuBois (Footnote 2). {This article (Table 6). 
§ Rolland (Footnote 41). { Rolland (Footnote 41) Boy aged 10, weight 26 kg. 


convalescent may be high, as Howland and others have shown to 
be the case with normal growing infants. The solution of the prob- 
lem must be left for future investigation. 

The fasting convalescents of the earlier investigations” have a total 
heat production which is only slightly greater than normal until the 
third week, when there occurs an increase of fiom 12 to 18 per cent. 

Relapse ——Three patients were studied during relapses. They 
showed an average heat production of 39 calories per kilogram. The 
average is high on account of the high metabolism of the boy Salva- 
tore. The average for the other two cases is 36.6 calories per kilogram, 
or essentially the same as the general average in the original fever. 


39. Rolly, F.: Experimentelle Untersuchungen iiber den Stoffwechsel im 
Fieber und in der Reconvalescenz, Deutsch. Arch. f. klin. Med., 1911, ciii, 93; 
Grafe, E.: Untersuchungen iiber den Stoff- und Kraftwechsel im Fieber, ibid., 
1911, ci, 209. 


\ 

71 09 +45 

68 8.9 +04 

72 39 | —02 

85 15.0 +0.6 

69 18.7 +6.0 

79 17.9 

MMp ... 67 17.6 +2.7 

John N.f ... | 26-30 58 178 +19 

Frank W.t... 24-28 74 20.3 +49 

F.Mag.....| 68 | 45.5 05 | —0S 

J. Gerlff .... 16-21 | 76.6 8.1 +0.03 


WARREN COLEMAN—EUGENE F. DU BOIS 205 


In this connection it should be pointed out that a large excess of 
energy over the actual heat production must be supplied to the typhoid 
patient in order to maintain weight and nitrogen equilibrium. The 
influence of the high-calory diet on the weight of the patient has been 
considered in previous publications.*° It is sufficient to state here 
that loss of weight may be prevented by giving the patient sufficient 
food. 

The few reported cases in which nitrogen equilibrium was 
obtained have been grouped in Table 16. With the exception of one 
patient of Rolland’s*' (who almost reached balance on 45.5 calories), 
these cases were not brought into equilibrium until the patients were 
given from 60 to 85 calories per kilogram, and even with the larger 
amount of food, equilibrium was not established until the temperature 
had begun to fall. It is evident, therefore, that more than 85 calories 
per kilogram may be required by some patients to establish nitrogen 
equilibrium during the height of the fever. 

Rolland has estimated 49 calories per kilogram as the mean heat 
production of the typhoid-fever patient. Basing her calculation on 
Grafe’s™ average of 35 calories per kilogram for fasting typhoids, she 
allowed from 10 to 15 per cent. for the specific dynamic action of food, 
from 10 to 15 per cent. for the excreta, and from 10 to 15 per cent, 
for muscular work in moving about the bed. Experimental work in 
this clinic has shown that her allowance for the first two factors is 
too liberal. It has already been pointed out that the specific dynamic 
action of the food in the high-calory cases is almost, if not entirely, 
masked by the increase in metabolism caused by the toxic agent, and 
it has been shown that the average loss of calories in the feces amounts 
to 5 per cent. of the intake. Though it is difficult to estimate accur- 
ately the increase in metabolism from bodily activity, yet in the high- 
calory cases it cannot be great—possibly not so great as in patients 
who are undernourished. The high-calory cases are not “tubbed,” and 
are spared the shivering which ordinarily follows this practice. With 
rare exceptions they are not toxic and, therefore, not restless, and do 
not exhibit jactitation and subsultus tendinum. For the most part the 
patients lie quietly in bed, often reading for several hours a day. 
Without taking into consideration the reduction of metabolism during 
sleep, we believe that the increase in metabolism caused by bodily 
movement is amply covered by an allowance of 10 per cent. 


40. Coleman: The High-Calory Diet in Typhoid Fever, a Study of 111 
Cases, Am. Jour. Med. Sc., 1912, cxliii, 77; Weight Curves in Typhoid Fever, 
ibid., 1912, cxliv, 659; Diet in Typhoid Fever, Jour. Am. Med. Assn., 1909, 
liii, 1145. 

41. Rolland, Anne: Zur Frage des toxogenen Eiweisszerfalls im Fieber des 
Menschen, Deutsch. Arch. f. klin., Med., 1912, cvii, 440. 


| 
| 
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Making this allowance, the average total heat production of the 
typhoid patient is 40 calories per kilogram per day. 

If the supply of nitrogen be sufficient, a normal man may be main- 
tained in nitrogen and weight equilibrium on a diet which just covers 
his heat production. It is clear, however, from Table 16 that typhoid 
patients, though producing an average of 40 calories per kilogram, 
cannot be brought into equilibrium unless they receive from 57 to 
81 calories** and in some instances more. In other words, a patient 
of 65 kg., producing 2,400 calories a day, requires from 3,600 to 
5,000 calories to maintain him in equilibrium. 

The fate of this excess is a matter of great interest. There can be 
no doubt that the nitrogen of the urine furnishes an accurate index 
of protein metabolism in fever. The work of Magnus-Alsleben** and 
Mohr“ proved that there is no abnormal loss of calories in carbon- 
containing compounds in the urine except in cases with glycosuria. 
Glycosuria has been observed but seldom in the Bellevue cases. It 
is difficult, but not impossible, to conceive that patients are able to 
store body-fat while there is a negative nitrogen balance and a steady 
loss of body-weight. A moderate storage of fat could, of course, be 
masked by a change in the water content of the body, but we are not 
prepared to offer this theory. 

With the onset of convalescence, the amount of food required to 
maintain nitrogen equilibrium more nearly approaches the estimated 
heat production of the patient. For example, one of the patients 
reported by Shaffer and Coleman showed a positive nitrogen balance 
from the fifth to the ninth days of convalescence while receiving 37 
calories per kilogram, yet a few days previously, during a relapse, 
77 calories per kilogram were required. F. Miiller*® has reported a 
case which retained nitrogen from the third to the tenth days of con- 
valescence from typhoid fever on a diet furnishing only 1,165 calories 
and 9.9 gm. of food nitrogen, which, on account of its low fuel value, 
would be incapable of maintaining nitrogen equilibrium in health. 

These facts demonstrate that the need of the typhoid patient for 
the excess of energy over the heat production is in some way con- 
nected with the reaction of the host to the infecting agent; but so far 
we have failed to discover the purpose or fate of this excess, and we 
possess no data which even suggest a plausible hypothesis. 


42. Five per cent. of the intake has been deducted to cover the loss of calories 
in the feces. 

43. Magnus-Alsleben, E.: Ueber die Ausscheidung des Kohlenstoffs im Harn., 
Ztschr. f. klin. Med., 1909, Ixviii, 358. 

44. Mohr: Ueber den Stoffzerfall in Fieber, Ztschr. f. klin. Med., 1904, lii, 371. 

45. Miller, F.: Stoffwechseluntersuchungen bei Krebskranken, Ztschr. f. klin. 
Med., 1889, xvi, 542. 


WARREN COLEMAN—EUGENE F. DU BOIS 207 


RESPIRATORY QUOTIENTS 


Febrile Period ——The averages of the respiratory quotients*’ in 
Table 15 give a great deal of information as to the different foods 
actually oxidized by the patients. The fasting individuals in the steep- 
curve period, with an average quotient of 0.76, were no longer oxidiz- 
ing carbohydrate in quantity. It is estimated that from 20 to 25 per 
cent. of the calories were furnished by protein, from 5 to 10 per cent. 
by carbohydrate and the remainder by body-fat. The high-calory 
patients in the same period had respiratory quotients of 0.87 and 
0.85, indicating that carbohydrate supplied from 40 to 50 per cent. 
of the energy. These results demonstrate that carbohydrate is oxid- 
ized by the fever patient whenever it is available, and are a farther 
justification of the clinical procedure of giving large amounts of this 
foodstuff. 

Figure 2 brings out the fact that there is a definite tendency for 
the respiratory quotient to rise during the last days of the febrile 
period. We have interpreted this to mean that the reparative processes 
of convalescence are established before the fever subsides. 

Convalescence—The average respiratory quotient of the high- 
calory patient rises above 0.92 in the first week of convalescence. The 
fasting patients did not show a similar rise until the third week, which 
was probably the time when they began to take large amounts of 
food. The high average of the quotients is due to the large number 
above 1, obtained when the regenerating organism is. transforming 
ingested carbohydrate into body-fat. It is extraordinary how long 
this process may continue after the last meal. Previous observers 
have repeatedly obtained quotients over 1 from twelve to fourteen 
hours after the last food, during the period of convalescence. The 
body apparently makes this transformation with very slight loss of 
energy, and it is in this manner that the fat depots of the body are in 
part replenished. It is impossible to say whether or not the body 
oxidizes any fat during the period when fat is being formed from 
carbohydrate. If there be any catabolism of this material, it is more 
than counterbalanced by anabolic processes. 

Nineteen quotients over 1 were recorded in the first and second 
weeks of convalescence in experiments in which there was no ques- 
tion of Auspumpung. The highest quotients, 1.1 and 1.11, were found 
in John H. during convalescence when he was given 28 gm. carbo- 
hydrate every hour. 

46. Nineteen respiratory quotients obtained on patients Frank W. and Louis 


M. have been omitted from the averages because of the possibility that the 
height of the quotients was due to Auspumpung. 
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The data concerning the quantitative effect of food on metabolism 
in individual patients is somewhat fragmentary, and we shall not 
attempt to formulate conclusions based on the results. 


x SUMMARY AND CONCLUSIONS 


The Benedict “universal respiration apparatus” employed in this 
investigation was tested on normal controls and found to give accurate 
results. We believe that the apparatus is well adapted to clinical use 
if Benedict's technic is carefully followed, that is to say, if precautions 
are taken to prevent leaks, and if results obtained on patients whose 
breathing is irregular or labored are discarded. Leaks lower the quo- 
tient, irregular and labored breathing artificially raise it. 

The metabolism of liberally fed typhoid patients exceeds that of 
normal individuals by from 36 to 40 per cent. Previous observers 
have found that the average basal metabolism during the febrile 
period of patients who are on diets containing less energy than they 
produce is 35.3 calories per kilogram per day. Comparing this figure 
with the averages obtained, after ingestion of food, on typhoid patients 
who received from 35 to 170 calories per kilogram daily, it is observed 
that the average metabolism per kilogram of body-weight shows an 
increase of from only 2 to 5 per cent. If the body-surface be made 
the basis of comparison, it is found that the increase is between 11 and 
13 per cent. Since the variation in the metabolism of different normal 
persons may amount to 10 per cent. above or 10 per cent. below the 
normal average, it is obvious that the influence of a large ingestion 
of food cannot be of great importance in increasing heat production 
in the febrile stage of the disease. In other words, the large amount 
of food administered exhibits little or no specific dynamic action, 
thus removing the chief theoretical objection to the use of a liberal 
diet in typhoid fever. 

In the high-calory cases approximately 10 per cent. must be added 
to cover the increase in metabolism caused by bodily exertion inci- 
dent to moving about the bed. Accordingly the typhoid patients 
examined had an average theoretical requirement of 38.5 calories per 
kilogram per day. It has been found, however, that the theoretical 
requirement must be exceeded by from 50 to 110 per cent. in order to 
bring the patient into nitrogen and weight equilibrium. The fate of 
the excess has not yet been discovered. 

In the steep-curve period and during relapses some patients derived 
from 84 to 89 per cent. of their calories from carbohydrate and, in 
addition, transformed some carbohydrate into body-fat. The majority 
of the high-calory patients showed a sharp rise in the level of the 
respiratory quotients during the last days of the fever, which we 


i 


WARREN COLEMAN—EUGENE F. DU BOIS 209 


have interpreted to mean that the regenerative processes of convales- 
cence begin before the temprature reaches normal. 
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A STUDY OF TWENTY-NINE CASES OF ADVANCED 
PULMONARY TUBERCULOSIS TREATED BY 
ARTIFICIAL PNEUMOTHORAX * 


LEO KESSEL, M.D., ann MAX TASCHMAN, M.D. 
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The idea that compression of a lung might exert a beneficial effect 
on pulmonary tuberculosis was first suggested in 1822 by Carson,‘ a 
physician and physiologist in Liverpool. Ten years later Houghton* 
reported a case of pulmonary tuberculosis in which after the occur- 
rence of spontaneous pneumothorax, improvement in many symptoms 
took place. During the following fifty years the observation was 
repeatedly made (Stokes,* Spengler,* Wellman,’ Spath,® Potain’ and 
others) that cases of pulmonary tuberculosis did well when com- 
pressed by complicating pleuritic effusions. The resection of ribs 
resulting in collapse of the lung was advocated by Quincke,* Spengler* 
and others and also produced favorable results. The credit for the 
introduction of the method of compressing a tuberculous lung by 


means of producing artificial pneumothorax belongs to Forlanini.'® 


* Submitted for publication, Feb. 2, 1914. 

*A preliminary report of this paper was presented before the Internal 
Section of the New York Academy of Medicine, Oct. 21, 1913. 

*From the Bedford Hills Sanatorium of the Montefiore Home. 
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His methods have been adopted by Brauer,"! Brauer and Spengler,’ 
Spengler,“* Saugmann,'* Keller,’* Knoblauch"® and others, and in this 
country, chiefly, by Robinson and Floyd’ and Balboni.'* 

It has been shown that the advantages obtained by the method 
of artificial pneumothorax are that the lung is immobilized and new 
connective tissue grows in the atelectatic portions particularly around 
the bronchi and the vessels (Drasche,' Graetz,*’ Mosheim,?' War- 
necke** and others). Kaufman** has shown that in consequence of 
prolonged compression of the lung, the connective tissue thus formed 
causes a marked anatomical and functional injury and that reexpansion 
of the lung, on withdrawal of compression, does not occur. As further 
effects of pulmonary compression, tubercles are infiltrated by fibrous 
tissue, and cavities collapse and become obliterated. Aside from the 
changes due to the growth of connective tissue, changes in the circu- 
lation occur. Stasis in the circulation of the lymph sets in, as 
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Molhuysen** has shown in his experiments, and this favors a diminu- 
tion in the degree of toxemia. The total amount of blood in the lungs 
is reported to diminish (O. Bruns**) but the experimental evidence 
for this finding is unsatisfactory. 

The number of cases treated by this method is still few when the 
advantages claimed for the treatment are considered, and the precise 
observations of the technic, the clinical history and the mechanism of 
action are sufficiently incomplete to induce us to publish our investi- 
gations. The twenty-nine cases (thirteen male and sixteen female) 
which form the basis of this report were studied during the six months 


Fig. 1—M. R. Bilateral tuberculosis four years standing. Actively progres- 
sive on right side. Sanitarium care for two and a half years. Progressive. 
Partial right-sided pneumothorax. Extensive adhesions prevent collapse. Slight 
relief of symptoms. 


from April to October, 1913. The patients were all in the third stage 
of the disease.** In this series of cases the frequency with which the 
greater involvement occurred on the left side is striking; the left 
side was involved in twenty and the right in nine cases. 
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26. In this paper the classification adopted by the National Association for 
the Study and Prevention of Tuberculosis has been used. 
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In our procedure we gave the patients morphin ('4 to % grain) 
and atropin (459 grain hypodermatically) ten minutes before opera- 
tion. The skin was sterilized with tincture of iodin and the excess 
was removed with 95 per cent. alcohol. The area was anesthetized 
with 1 per cent. novocain and 1 or 2 cc. of 1: 10,000 epinephrin 
(adrenalin, P. D. & Co.). 

The apparatus introduced by Floyd and Robinson,’* and Floyd’s 
needles, were used. A _ large-caliber needle was employed for the 
initial inflation and a smaller one in subsequent treatments. The 
patient was placed on his side on a pillow in order to widen the inter- 
costal spaces. The skin was punctured, and not incised, with a fine 
cataract knife protected with adhesive plaster, to prevent injury and 
to avoid bleeding. As the needle carrying a stilet was slowly intro- 
duced through the anesthetized area, perpendicularly to the skin, into 
the pleural cavity, the operator experienced a sense as of withdrawal 
of resistance. This sensation is quite characteristic. A water man- 
ometer was attached to the needle and when this was in place several 
readings were taken. When these became constant and the respira- 
tions became regular and when the oscillations in the manometer were 
free and the intrapleural pressure negative, nitrogen gas was per- 
mitted to flow. The rate was approximately 50 c.c. per minute. The 
intrapleural pressure was read after each 100 c.c. had entered. The 
total amount introduced was from 700 to 800 c.c., in our early cases, 
but later we reduced it to 300 to 500 c.c. and obtained better results 
To check severe pulmonary hemorrhage we believe large initial 
amounts are indicated (Cases 21 and 28). We calculated that an 
expansion of about 10 per cent. took place in the volume of gas intro- 
duced. When the needle was withdrawn, the index-finger of the 
opposite hand was pressed firmly over the site of the puncture and a 
pressure bandage was applied. This procedure prevented the occur- 
rence of subcutaneous emphysema, which had been troublesome 
before we resorted to this precaution. In withdrawing the needle it 
is advisable to measure and note, as a guide for subsequent treatment. 
the depth to which it had been introduced in order to enter the pleural 
cavity. 

The area to select as the site of injection is the one most likely to 
be free from adhesions. The axilla was preferred because there the 
intercostal spaces are wide and there are fewer layers of muscle. The 
places to avoid are those over cavities, the precordium, the region of 
the large vessels, the breast tissue in women and the region posteriorly 
below the ninth space. We have frequently been obliged to puncture 
posteriorly and found the dense layers of muscle and the narrow inter- 
costal spaces distinct disadvantages. 
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The diagnosis and localization of adhesions is one of the most 
important subjects to be considered when the treatment of artificial 
pneumothorax is undertaken, and we wish to give it special emphasis. 
This subject has been studied by Kistler,2’ Hamman and Sloan,** 
King,” Otis,*° Konselmann,** Lapham,** Lillingston,** Rhodes,"* 
Montgomery,** Klemperer,** Schmidt*? and others. It depends on 
a careful consideration of the history, attacks of pleurisy for example, 
the physical examination and the fluoroscopic picture. The absence of 
a history of pain is no indication that the pleural cavity is free from 
adhesions. The methods used to determine whether a pleural space is 
free from adhesions, namely, physical diagnosis, fluoroscopy and roent- 
genoscopy, although important, are also often of uncertain value. 
Adhesions, for example, are usually denser than can be demonstrated 
by a roentgenogram (Necropsy report Case 4 and Fig. 4). Roent- 
genograms of the chest of each patient were taken before treatment 
began and every patient was fluoroscoped within twenty-four hours 
after each treatment. Roentgenograms were also taken at intervals 
during treatment. We wish to emphasize the fact that the extent of 
disease, the completeness of the pneumothorax and adhesions pre- 
venting complete collapse, were better demonstrated by the plate than 
by the fluoroscope (Figs. 1 and 6). The fluoroscope, on the other 
hand, showed better small amounts of gas or fluid and angulations of 
the diaphragm (Case 18). To detect small effusions it is advisable, 
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when making a roentgenogram, to place the patient in an upright 
position. After all care is taken, the results of inflation differ from 
one’s expectations. For instance, in cases in which we expected to 
encounter difficulties we often found none (Cases 1, 4, 9, 12), whereas 
in other cases in which we suspected no extensive pleuritic involve- 
ment, there were adhesions which rendered the treatment partially or 
totally impossible (Cases 15, 17, 24 and 25). This occurred in about 
15 per cent. of our patients. The reports embracing a large series of 
cases (Saugmann,"* Brauer and Spengler’*) show from 20 to 30 per 


Fig. 2—R. G. Photograph taken before induction of artificial pneumo- 
thorax. Shows extensive tuberculosis of left lung and several small cavities in 
upper lobe; miliary infiltration in right upper lobe. Clinically—Actively progres- 
sive tuberculosis on left side; slight at right apex. 


cent. failures. Complete collapse of the lung is obtainable in spite of 
the presence of adhesions (Figs. 3 and 6). In three of our patients 
(Cases 14, 17 and 24) initial negative pressures were rapidly neutral- 
ized by the introduction of small amounts of gas. The subsequent 
readings were all zero with fairly wide oscillations, negative and 
positive. This phenomenon was repeatedly observed and not even 
after the introduction of large amounts (Case 17, 1,800 c.c.) of nitro- 
gen were we able to detect its presence in the pleura by either physical 
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examinations or fluoroscopy. In these cases the gas was probably 
introduced directly into the lung. 

It is the use of the manometer, first introduced by C. Saugmann'* 
in 1907 and modified by von Muralt,** which has rendered the crea- 
tion of a pneumothorax safe and easy. It yields definite indications 
of the presence of adhesions. It gives reliable information as to where 
the needle-point is situated, recording wide oscillations with negative 
pressure only in a free pleural space. We have found that very short 
negative-pressure oscillations, becoming rapidly positive on the intro- 


Fig. 3—R. G. Advanced tuberculosis of left upper lobe with cavity forma- 
tion; slight tuberculous infiltration at right apex. Photograph taken six weeks 
after induction of pneumothorax. Almost complete collapse of left lung. Broad 
band of adhesion from visceral pleura to seventh rib. Amelioration of all symp- 
toms. Patient illustrates case suitable for treatment. 


duction of small amounts of gas, indicate the presence of a pleural 
pocket and that the amount of gas required to overcome the negative 
pressure bears a direct relation to the size of the pocket. In the pres- 
ence of adhesions a positive reading becomes less positive or even 
negative when the adhesions are broken down. When the initial 
oscillations fluctuate about zero one suspects that the needle-point is 
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xviii, 359. 
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in the pulmonary parenchyma. An initial slightly positive rise unin- 
fluenced by respiration is said to occur when the needle enters a blood- 
vessel. An initial negative pressure increasing in degree with every 
successive inspiration, but remaining unchanged by expiration, occurs, 
we believe, when the needle-point lies immediately outside the parietal 
pleura. The treatment should be terminated when the pressure 
becomes slightly positive, for should the mediastinum be diseased, too 
great pressure might cause its rupture (Case 12, Fig. 5). To raise the 
pressure unduly in order to overcome the resistance of adhesions may 
be followed by dangerous consequences, such as tearing the lung. 
hemorrhage, air-embolism, infection and extension of the tuberculous 
process. 

When pain is experienced during the introduction of gas, it is com- 
monly due to stretching of adhesions. It is usually of short duration 
and its severity is diminished at each succeeding treatment. In sev- 
eral of our satisfactorily established pneumothoraces, indeed, the 
presence of numerous adhesions caused no discomfort. When pain 
and hyperalgesia are referred to the region of the shoulder on the 
side treated (Case 18, Fig. 7) they form a diagnostic point of much 
interest. Mackenzie’ has called attention to the fact that, when the 
diaphragmatic pleura is irritated, stimuli ascend from it by the phrenic 
nerves to the nuclei of the fourth and fifth cervical nerves. Nerves 
from these centers are distributed to the shoulders and it is to these 
that the pain is referred. He observed the phenomenon in cases of 
diaphragmatic pleurisy. 

When complete collapse of the lung is established the physical 
signs undergo great changes. On the untreated side exaggerated and 
harsh breathing is heard, but we have failed to notice the disappear- 
ance of signs of consolidation on the untreated side mentioned by 
several observers (Brauer,"' Forlanini'® and others). In some of our 
patients (Cases 11, 13, 18) we observed an extension of the physical 
signs on the untreated side following a period of apparent improve- 
ment. A reasonable explanation for the spread of disease on the 
untreated side is that offered by Van den Bergh, de Jong and Shiit.*° 
From a study of their necropsy findings and from the experimental 
work of Tendeloo they noted that the greatest expansion in the 
untreated lung occurred at the periphery and basic portions. These, 
on account of their greater respiratory volume change, as Tendeloo*’ 
showed, suck the lymph from the less mobile portion and so draw 


39. Mackenzie, J.: Symptoms and Their Interpretation, 1909, p. 209. 
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41. Tendeloo; quoted by Van der Bergh, de Jong and Schiit (footnote 40). 
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infected particles to the healthy tissue. On the treated side rales 
become less marked, or are absent; the signs of cavity disappear. To 
determine the presence of complete collapse, physical signs alone may 
be misleading, for many factors influence the breath sounds in pneu- 
mothorax. The respiratory effort of the patient, the capacity for 
sound transmission inherent in the intervening medium and the reson- 
ating qualities of the thoracic chamber, tend to modify them. A ring- 
ing, or metallic quality, of the whispered voice we believe to be the 
most characteristic physical sign of well-established compression. To 


Fig. 4—Y. N. Extensive bilateral tuberculosis. Pneumothorax induced for 
relief of symptoms. Complete compression of left lung and band of adhesion 
between visceral pleura and second left interspace. Autopsy—Left lung and 
histologic sections shown. Chronic endocarditis. 


determine the degree of compression we have found fluoroscopy and 
roentgenography more reliable than physical examination. 

Many complications have been reported to occur during the pro- 
duction of an artificial pneumothorax. We enumerate a few: 

1. Pleural reflex, shock, or eclampsia, occurred in one of our cases 
(Case 11) after the needle had been introduced but before the gas 
had been permitted to enter the chest. This phenomenon has been 
regarded by some, particularly in the German clinics, as due to gas 
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emboli, but the time of its occurrence in this instance seems to pre- 
clude this possibility. In the three necropsies reported by Sund- 
berg,** no evidence of emboli was found. In one of these, death 
occurred before the gas had been turned on. 

2. Pain from a possible injury of an intercostal nerve, or one of 
its branches, is a complication which we observed in three cases 
(Cases 9, 11 and 18) after several inflations had been made. It was 
severe and there was exquisite tenderness in the lower left axilla 
between the seventh and ninth spaces. 

3. Subcutaneous emphysema may be caused by the escape of gas 
before the needle has entered the pleural cavity. It occurs also during 
violent coughing, or from leakage of gas along the side of the needle. 
We encountered this complication in a few of our cases. 

4. Of deep emphysema, we have no personal experience. 

5. We have seen blood-stained expectoration in a few instances 
caused by the puncture of the lung by the needle. This disappeared 
promptly. 

6. Rupture of the mediastinum with bilateral pneumothorax was 
observed once (Case 12, Fig. 5), but no untoward results ensued. 

7. Of embolism we have no personal experience; it is probably 
easy to avoid by careful technic. 

8. Attacks of vomiting were observed once** (Case 1) in our 
series. The right lung in this patient had been compressed. 

9. A small amount of pleural effusion was observed in seven cases 
(Cases 11, 13, 18, 21, 23, 24, 29). This complication was always 
accompanied by a sudden rise of temperature to 102 or 103 F., and 
by pain in the side. These two symptoms are characteristic. The 
fluid aspirated from these cases was turbid, either straw-colored or 
serosanguineous. It showed a large number of lymphocytes. The 
fluid from five of these was inoculated into guinea-pigs and they 
developed tuberculosis. We are uncertain concerning the mechanism 
of production of this type of pleurisy and we hope to report in greater 
detail on this subject at a later date. Effusions are reported to occur 
in about one-third of the treated cases. Succussion and a tilting of 
the level of the fluid seen with the fluoroscope, on changing the posi- 
tion of the patient, have been the two most constant signs of pleural 
effusion in our series. 


42. Sundberg, C.: Drei Todesfalle mit Obduktion Behandlung von Lungen- 
tuberkulose mit kiinstlichen Pneumothorax, Beitr. z. Klin. d. Tuberk., 1913, 
xxvi, 503. 

43. In a case (right-sided) observed by one of us, vomiting was noted 
several times promptly following the introduction of gas. 
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Certain contraindications to the treatment should be mentioned. 
They include: 

1. The presence of the first and second stages of the disease in 
patients who are doing well under hygienic and dietetic treatment. 

2. Marked mental apprehension. 

3. Chronic heart-disease, or marked chronic nephritis. 

4. Definite intestinal tuberculosis.“ 

The indications for the treatment may be summarized as follows: 

1. Extensive unilateral progressive lesions which have failed to 
improve under hygienic and dietetic treatment. The earlier it is 


Fig. 5—A. P. Extensive tuberculosis of right lung. Massive tuberculous 
consolidation at base. Small clear area at right base, larger one at left base. 
Pneumothorax induced on right side; rupture through mediastinum. 


recognized that sanatorium treatment is useless, the better the chance 
of succeeding with pneumothorax treatment. 


2. Extensive chronic unilateral lesions which remain stationary and 
show no constitutional symptoms, but which cause distressing cough 
and excessive expectoration. 


44. In a patient observed by one of us, a tentative diagnosis of intestinal 
tuberculosis had been made two years ago owing to a distressing diarrhea 
alternating with constipation. This symptom promptly disappeared with the 
establishment of a therapeutic pneumothorax. 


| 
| a | 
| a 
| | At 3 


LEO KESSEL—MAX TASCHMAN 


3. Involvement of a single lobe containing a cavity. 

4. Extensive unilateral progressive lesions with small inactive 
involvement of the opposite side. 

5. Bilateral involvement with extensive lesions, slowly progressive 
on one side and little, or no, activity on the other. 

6. Repeated hemoptyses which do not cease under the usual treat- 
ment (Cases 17, 21, 28) ; also, less frequently, large pulmonary hemor- 
rhages when the loss of blood is great enough to warrant a fatal prog- 
nosis ( Rothschild** ). 

7. Advanced progressive tuberculosis suggesting an early fatal 
issue. This refers to a group of cases to which we wish to call espe- 
cial attention. Under ordinary circumstances the induction of an 
artificial pneumothorax is here contraindicated ; but a certain number 
of patients by proper care and selection are found, who, when they 
are treated, afford examples of gratifying relief from very distressing 
symptoms where none has otherwise been possible. We have treated 
several such patients with results that have encouraged us to recom- 
mend an extension of the indications for the treatment, when this can 
be accomplished in a careful and conservative fashion.** 

The clinical history of patients treated by artificial pneumothorax, 
when favorably influenced, shows a decrease in the temperature either 
abrupt or gradual, depending on the extent and character of the 
process and on the degree of compression (Cases 3 and 19 with tem- 
perature charts and Figs. 2, 3 and 8). With the drop in temperature 
there is usually slowing of the pulse-rate, disappearance of night- 
sweats, improved appetite and digestion and a feeling of general well- 
being. The cough and expectoration in many cases are at first aggra- 
vated but usually at the end of two or three days these symptoms 
decrease in severity and disappear. Diminished cough and expectora- 
tion permit sleep which, in spite of the use of hypnotics, has often 
been absent for months. It is noteworthy that no gain in weight 
commensurate with the amelioration of symptoms, takes place (Cases 
2, 19, 20, 21, 22, 23, 27, 28, 29). Many patients who were relieved of 
their symptoms have an initial loss of weight which in some has been 
progressive (Cases 1, 19, 28). Even the cases in which we have 
succeeded best have shown an initial loss which persisted for several 
months before a gain was noticed (Cases 2 and 3). We are unable 


45. Rothschild: The Treatment of Hemoptysis in Pulmonary Tuberculosis, 
Jour. Am. Med. Assn., Oct. 28, 1911, p. 1424. 

46. There is a group of patients, not included in this series, in whom we 
believe this form of treatment may be applicable. We refer to those patients 
who progress fairly rapidly from Stage I to Stage II, with evidence of marked 
toxemia and who under ordinary circumstances pursue a speedily fatal course. 
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to explain this result. That it is not dependent on anorexia we are 
certain, for the appetite of many patients improved from the begin- 
ning of treatment. Blood-pressure readings taken before, during and 
after treatment failed to show constant changes. 

A striking feature which indicates improvement is a change in the 
mental attitude. Patients who had been bed-ridden for many months 
wished to be up and about (Cases 2, 3, 4, 7, 10, 12, 19, 20, 21, 22, 23. 
27, 28, 29) ; some took moderate exercise, others were able to dance 
and play ball and a few made excursions to the city, a distance of 
40 miles, without ill effects. 


Fig. 6—M. K. Extensive bilateral tuberculosis. Complete collapse of left 


lung. Band of adhesion seen just below clavicle. Induced for relief of 
symptoms. 


Numerous observers have reported a marked diminution and in 
some cases a disappearance, of tubercle bacilli from the sputum. We 
have not noticed any appreciable change in their number. The cases 
most benefited were usually those in which compression was most 
readily and completely accomplished, but clinical improvement some- 
times followed in cases in which only a moderate degree of compres- 
sion was possible (Cases 12 and 23). The ultimate aim of this plan 
of ‘treatment, the purpose of which is to promote fibrosis, is best 
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secured by causing complete collapse of the lung by the introduction 
oi moderate amounts of gas frequently repeated, rather than with 
larger amounts at greater intervals. The most desirable condition 
is that in which a slightly positive intrathoracic pressure is main- 
tained at all times. 

Tne indications which warrant reinflation are: 

1. Persistent evidences of toxemia, such as fever. 

2. A return of troublesome cough and expectoration. 

3. Evidences of incomplete compression of the lung. The more 
complete the compression the longer the interval between inflations. 


The contraindications to reinflation are: 

1. Marked pain. 

2. Urgent dyspnea. 

3. Subcutaneous emphysema. 

4. Extension of disease on the opposite side. 
5. Large pleural effusions. 


A report on the results of twenty-nine cases of tuberculosis treated 
Ly artificial pneumothorax is offered. 

1. A study of the pleural adhesions in each case is important 
Roentgenography and fluoroscopy are valuable guides in the study of 
these cases. The manometer during the induction of an artificial 
pneumothorax is indispensable. 

2. The operation is practically devoid of danger if careful technic 
is observed. 

3. A consideration of the physical signs alone yields insufficient 
data to form the basis of treatment. 

4. In all progressive cases of pulmonary tuberculosis the induc- 
tion of an artificial pneumothorax should be considered. 

5. In some “hopeless” cases it has been useful for it has brought 
remarkable relief from distressing symptoms, not obtained by any 
other measure. 

We wish to take this opportunity to express thanks to the superintendent 


and house staff at Bedford, and to Mr. Theodore Scholtz, the radiographist, 
for their willing aid in carrying out this work. 


REPORTS OF CASES 


Case 1.—Woman, aged 26, Russian, single, embroidery-maker, admitted 
Aug. 21, 1911 (Stage III). She has been troubled with cough and expectoration 
for the past four years. She spent two and a half years in a sanatorium and 
has had a course of tuberculin treatment. The tuberculous process involved 
the entire right lung, in the upper lobe of which there was a large cavity 
(Stage III), and also the left upper lobe which was infiltrated (Stage II). 
The disease was progressive. She suffered from frequent attacks of pyrexia, 
excessive cough and expectoration and persistent loss of weight. 
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The first inflation of nitrogen was given in April, 1913. Since then four- 
teen inflations have been given with no marked change in the patient’s con- 
dition. Figure 1 shows to what extent pleural adhesions prevented complete 
collapse of the lung. Dyspnea has been a marked feature since the beginning 
of treatment and we are inclined to attribute it to the introduction of too large 
amounts of gas in the early inflations. Mediastinal and pulmonary adhesions 
probably allowed only a little displacement of the heart. The expectoration 
has been diminished; other symptoms remain the same as before the estab- 
lishment of the pneumothorax. 

Case 2.—Woman, aged 35, Hungarian, married, housewife, admitted July, 
1912. She gave a three years’ history of profuse cough and expectoration, 
occasional attacks of fever and night-sweats. While in the sanatorium her 
temperature, for six months before the establishment of artificial pneumo- 


Fig. 7—M. H. Photograph showing artificial pneumothorax of left side, 
moderate degree of collapse of left upper lobe with very little compression of 
left lower. Adhesions between visceral pleura and diaphragm. Hyperalgesia 
of left shoulder region. 


thorax ranged, daily from 99 to 104 F. Her appetite was very poor and her 
weakness progressive. She presented extensive involvement of the right upper 
and middle lobes (Stage III). A cavity extended from the first to the third 
intercostal space. An old inactive process was present in the left upper lobe 
(Stage I). 

The first nitrogen inflation was given January, 1913, and compression of 
the lung has been maintained ever since. An immediate improvement occurred. 
The temperature quickly dropped to normal, the cough and expectoration were 
markedly reduced and her appetite returned. Her menses have reappeared 
after an absence of fifteen months. The loss of weight before inflation had 
been progressive; for four months after beginning treatment her weight 
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remained stationary, or fluctuated slightly. For the past four months she has 
made a steady gain in weight. The improvement has been progressive. There 
has been no evidence of activity on the untreated side. 


Case 3.—Woman, aged 20, single, Hungarian, stenographer, admitted July 
16, 1913. (Stage III.) Her history was one of acute progressive illness for the 
past six months, with cough, hemoptyses, loss of weight, weakness and pains 
in the chest. On admission her temperature ranged between 97 and 103 F. 
She showed an extensive tuberculosis of the left lung. There were several small 
cavities in the left upper lobe (Stage III). The roentgenogram showed miliary 
infiltration in the right upper lobe (Stage 1). The toxemia was marked. 

July 30, 1913, 500 cc. of nitrogen gas were injected into her left pleural 
cavity. In the following two weeks she received three more inflations which 
produced compression of her left lung. Her temperature was brought 
to normal and has remained there since. Her pulse-rate was reduced from 
between 120 and 130 to 86. Her cough has been markedly influenced and the 
amount of expectoration has fallen from 200 gm. daily to less than 30 gm. 
During the past two months there has been a steady gain in weight. The 
patient has been out of bed for some time and the influence on her spirits 
has been striking. Figures 2 and 3 show the pulmonary condition before 
and after the establishment of a pneumothorax. 

Case 4.—Woman, aged 32, married, Hungarian, housewife, admitted April 
7, 1913. (Stage Il.) A hemoptysis occurring two and a half years ago was 
the first evidence.of pulmonary disease. She was troubled with dry cough 
for some months thereafter. This was followed by cough with gradually 
increasing expectoration, dyspnea, anorexia, attacks of chills, fever and sweats. 
Recently she has been having three or more loose movements daily; her weak- 
ness has been progressive. She presented extensive tuberculosis of the entire 
left side with a cavity in the left upper lobe. (Stage III.) There was also 
well-marked disease of her right lung (Stage Il), and a compensated mitral 
insufficiency. Her temperature on admission ranged between 100 and 104 F. 
This temperature continued; the disease was progressive and the weakness 
and emaciation marked. She has considerable dyspnea and moderate cyanosis. 
Her most troublesome symptom was her cough which we were unable to con- 
trol and which prevented sleep. She had observed the beneficial influence 
exerted on other patients by the establishment of an artificial pneumothorax 
and begged us to try the treatment in her case. She presented so many contra- 
indications that we were loth to attempt it. Finally, however, in the hope of 
relieving the intractable cough, we induced a left-sided pneumothorax. For 
ten weeks following the compression of the lung the benefit was very marked 
with the exception of the dyspnea, which was increased. All of the other 
symptoms were greatly relicved. The cough was sufficiently relieved to render 
sleep possible. The temperature remained below 100 F. and the patient was 
able to leave her bed. 

Three months after the establishment of the artificial pneumothorax she 
began to do badly. Her temperature rose and her heart became decompensated. 
In spite of an attempt to withdraw the nitrogen from her chest she died. 

At necropsy. performed by Dr. Felberbaum, the pathologist of the Mon- 
tefiore Home, the right pleural cavity was found obliterated by adhesions. The 
left pleural cavity contained 3 ounces of fluid and was free, with the excep- 
tion of two dense bands of adhesiong which extended from the visceral pleura 
to the second and fourth intercostal spaces respectively. The left lung was 
firmly compressed against the spinal column and the posterior mediastinum. 
The pleura was very much thickened; the pericardium was adherent to the 
mediastinal surface of the left lung. An incision into the upper and lower 
lobes revealed extensive tuberculous bronchopneumonia. Sections taken from 
this lung showed an extensive healing process; the tubercles were well encapsu- 
lated and in many places there was a rich growth.of young connective-tissue 
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cells replacing the tubercles. The granulation tissue in the atelectatic area was 
very extensive. The accompanying microphotographs have been made from these 
sections (Figs. 9 and 10). The heart showed chronic endocarditis. There was 
some dilatation of the right ventricle. The ileocecal junction was the seat of a 
tubercular process. 

Case 5.—Woman, aged 20, single, Turkish, operator, admitted Jan. 22, 1913. 
Stage III. She presented extensive disease of the left lung (Stage III) and 
slight infiltration at the right apex (Stage I). An artificial pneumothorax was 
established in this case because of repeated hemoptyses accompanied by rises in 
temperature. Since the institution of treatment there have been no hemoptyses 

Case 6.—Woman, aged 20, single, Austrian, waist-maker, admitted Nov. 6, 
1912 (Stage III). She has had a history of cough and expectoration since 
June, 1911. She presented signs of extensive involvement of the left lung 


Fig. 8—J. W. Extensive bilateral tuberculosis. Left pneumothorax. Com- 
plete collapse of lung. Amelioration of all symptoms. 


(Stage III). There were slight changes at the right apex (Stage 1). The 
roentgenogram revealed a cavity on the left side between the third and sixth 
dorsal vertebrae. The physical signs had grown steadily more extensive; there 
were occasional rises of temperature. The loss of weight had been progressive 
since March, 1913. July 2, 1913, an artificial pneumothorax was performed. 

Examination—Sept. 4, 1913: the left lung has been well compressed, the 
cough and expectoration diminished, the temperature has remained normal, the 
loss in weight has ceased and the general condition is good. 

Case 7.—Woman, aged 21, single, Austrian, operator, admitted April 4, 1913. 
(Stage III). The patient has had cough, expectoration and thoracic pain for 
seven months. She presented extensive infiltration of right lung with a cavity 
two inches in diameter in the right upper lobe at the level of the first rib 
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(Stage 111). There was dulness, increased breathing and dry rales over the left 
upper lobe (Stage 11). The progressive character of her disease and the per- 
sistent loss of weight and strength induced us to attempt to compress her right 
lung. Three weeks after the primary inflation a satisfactory compression had 
been established. Her cough and expectoration have been diminished. The 
patient is looking and feeling better. Her appetite has been materially improved. 
The persistent loss of weight has been checked. 


Case 8—Woman, aged 30, married, Russian, housewife, admitted Sept. 16, 
1912. On admission the patient presented a moderately active process in her 
left upper lobe (Stage I11). In spite of eight months’ sanatorium care her 
disease was slowly progressive. She had fairly constant temperature between 
100 and 101 F. The roentgenogram later showed the presence of two small 
cavities in the left upper lobe. The unilateral progressive character of the 
disease presented the indication for pulmonary compression. 

Examination.—Sept. 10, 1913: patient has had fourteen inflations and an 
excellent compression has been maintained. Her temperature is normal. Her 
general condition is fair and improved and the loss of weight which had been 
progressive during the latter part of the spring has been checked. During the 
past two weeks she has gained two pounds. Her cough has been a troublesome 
symptom, both before and since the establishment of the pneumothorax. 

Sept. 24, 1913: there has been no evidence of activity on the untreated side. 
Cauterization of a lingual tonsil has checked the cough. 

Case 9.—Woman, aged 30, married, Russian, housewife, admitted June 2, 
1912 (Stage Ill). The patient stated that her illness dated back only four 
months and that it had followed an attack of influenza. Her condition on 
admission was very poor. She showed general infiltration of the left lung with 
a cavity in the lower lobe (Stage III); the right apex was infiltrated, but no - 
rales were heard (Stage 1). The temperature ranged between 100 and 103 F., 
and the cough and expectoration were excessive. June 18 the first inflation with 
nitrogen was given and a pneumothorax was rapidly established. July 9 an 
hemoptysis of 13 ounces occurred. This so terrified the patient that for ten 
days she absolutely refused to allow us to continue with her pulmonary com- 
pression. During this period she had daily hemoptyses. July 19 treatment was 
resumed. Gas was introduced on this day and again on July 22. The hemoptyses 
ceased promptly. With the establishment of a complete pneumothorax the 
general condition improved ; the cough and expectoration were markedly reduced 
and the temperature remained practically normal. The loss in weight has not 
been checked. 

Sept. 26, 1913: for the past four days there has been a general gradual rise 
in temperature to 102 F. The patient complains of very severe pain in her 
left lower axilla. The skin of the axillary region between the seventh and 
ninth ribs is exquisitely tender to touch. Physical examination and Roentgen- 
ray fail to reveal a cause for the pain and tenderness. Neither herpes nor 
subcutaneous emphysema is present. This patient had her first hemoptysis 
after the establishment of a pneumothorax. Complete compression checked 
further bleeding. 

Case 10.—Schoolgirl, aged 18, single, American, admitted April 16, 1913 
(Stage 111). She had been a patient at Bedford during the fall and winter 
of 1911. After leaving the sanatorium she felt well until three months ago 
when her cough and expectoration returned. For the past three weeks she 
has had evening rises of temperature to 104 F. She presented marked involve- 
ment of her left lung with signs of a cavity beneath the left clavicle (Stage 
IIL). The right apex anteriorly was dull, the breathing was bronchovesicular 
and fine rales were heard after coughing (Stage 1). Promptly after her first 
inflation on May 23, her temperature dropped to below 100 F. With complete 
compression her cough and expectoration were reduced and the patient felt 
well enough to leave her bed. With the establishment of a complete pneumo- 
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thorax, the displacement of her heart to the right so terrified her that she 
refused further treatment. 

Sept. 26, 1913: Ten weeks after treatment. Her compressed lung has 
reexpanded. 

Case 11.—Woman, aged 39, married, Hungarian, housewife, admitted Aug. 
5, 1912 (Stage Ill). For a year previous to admission she had suffered from 
cough and pain in the lower left chest. Eight months after admission pneumo- 
thorax was recommended for the excessive cough and expectoration, the 
attacks of pyrexia and progression of the disease on the left side (Stage Il). 
There were only slight signs of involvement at the right apex posteriorly 


‘ 


Fig. 9—Conglomerate tubercles showing active organization, some completely 
replaced by young connective tissue. From a case of pulmonary tuberculosis 
(Case 4 of this series) in which artificial pneumothorax was induced. 


(Stage 1). After three inflations a fairly well-marked compression of the 
left lung was evident. The cough and expectoration were diminished, the 
temperature practically normal and the patient felt better. May 28, 1913, when 
an inflation was attempted, the patient presented symptoms (profuse cold per- 
spiration, pallor, nausea, a desire to urinate and defecate and a choking sensa- 
tion in the throat) similar to those described as resulting from pleural shock 
or eclampsia. Her skin became cold and clammy. She was pulseless for about 
one minute. This occurred after the introduction of the needle, but before 
any gas had been allowed to enter. Following this attack she complained of 
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pain in her lower left axilla (an effusion developed later) and has since failed 
to respond favorably to treatment. Her cough has again become troublesome. 
(She had tuberculous ulcers on right vocal cord and right arytenoid.) Fever 
and weakness have reappeared. There has been no evidence of increased 
activity on the untreated side. Owing to the development of a pleural effusion 
the treatment was discontinued. 

Case 12.—Schoolgirl, aged 16, American, admitted Feb. 3, 1913 (Stage III). 
One year previous to admission she had suffered an attack of right-sided pleur- 
isy. Recently she has had cough, expectoration and fever. On admission her 
general condition was very poor, her temperature ranging between 100 and 
103 F. The entire right lung was consolidated (Stage Ill). Over the right 
lower lobe bronchophony and moist rales were heard. The left lung was 
not involved. The patient lost ground very rapidly and in the hope of reliev- 
ing some of the symptoms, especially the pyrexia and cough, we decided to 
try the influence of pulmonary compression in spite of the pneumonic-like 
process in her right lung. We experienced considerable difficulty at the 
initial and all subsequent inflations, owing to her pleural adhesions. We finally 
succeeded in introducing 300 c.c. of nitrogen on May 14, 1913. The drop in 
temperature was prompt. Within two weeks the change in the clinical picture 
was striking. The patient remained afebrile. Her cough, expectoration, appe- 
tite and weight improved so that she was able to leave her bed. 

June 11, 1913, 500 c.c. of nitrogen were introduced. Pain, which for a 
moment was sharp, was complained of during the inflation; this, however, 
subsided rapidly. Examination following the treatment revealed an area 
between the seventh and ninth spaces in the left axilla suggestive of a pneumo- 
thorax. This finding has been confirmed by both fiuoroscopy and roentgenog- 
raphy, both showing a bilateral pneumothorax (Fig. 5). The case continued, 
however, to progress favorably for two or three weeks until the left lung began 
to give evidences of involvement, when improvement ceased, the temperature 
rose and the cough and expectoration returned. In spite of the appearance 
of the disease in the left lung and the bilateral pneumothorax, the patient is 
more comfortable, and the right lung shows less activity than before the institu- 
tion of the treatment. 

Case 13.—Woman, aged 20, single, Russian, cloakmaker, admitted Nov. 4, 
1912 (Stage Ill). She gave a history of cough, expectoration and weakness for 
six months before admission. In spite of sanatorium care she constantly lost 
ground. In the spring of 1913 the left lung was extensively involved with a 
large cavity in the upper lobe (Stage II1). The right lung showed slight 
infiltration in the upper lobe (Stage 1). The loss of weight had been progres- 
sive and the pulmonary process was spreading actively. The temperature 
ranged between 99 and 102 F. An artificial pneumothorax was induced April 
30, 1913. In three weeks’ time a marked improvement occurred in both her 
subjective symptoms and general appearance, although the amount of com- 
pression obtained was relatively small. Improvement continued for another 
month and then the symptoms slowly returned. The involvement on the right 
side increased. Treatment, therefore, was suspended. The fluid obtained from 
a small complicating left-sided effusion was inoculated into a guinea-pig with 
a positive result. 

Case 14.—Woman, aged 21, single, Austrian, neckwear worker, admitted 
Sept. 16, 1912 (Stage II1). Three years’ history of pulmonary tuberculosis. 
The patient had received two years’ sanatorium care and a course of tuberculin 
treatment right lung (Stage I); left lung (Stage II]). There was a cavity 
in the upper left lobe and fine crepitations were heard from apex to base. We 
made eleven unsuccessful attempts to introduce nitrogen into the pleural cav- 
ity and finally tried the Brauer method in vain. The interesting feature in con- 
nection with this patient occurred at several of our attempts to establish a 
pneumothorax. We frequently obtained well-marked oscillations in our man- 


i 
\ 
$ 


230 THE ARCHIVES OF INTERNAL MEDICINE 


ometer with negative pressure readings at the beginning of treatment. After 
about 100 c.c. of nitrogen had been introduced the manometer would suddenly 
show wide oscillations about zero point as a center. At no time were we able 
to discover gas in the pleura, although we frequently made a fluoroscopic 
examination immediately after treatment. We were unable to detect the escape 
of gas through her mouth. It is difficult to interpret the preceding manometric 
readings when they occur constantly. We were inclined to explain them by 
assuming that at each inflation the needle would enter a pleural pocket and that 
this would rupture after a small amount of gas had been introduced and the gas 
thereafter would flow directly into the lung. 


Fig. 10.—Large areas of the lung completely replaced by granulation tissue. 
From a case of pulmonary tuberculosis in which artificial pneumothorax was 
induced. 


Case 15.—Woman, aged 20, single, Austrian, saleswoman, admitted November, 
1911. (Stage III.) We simply wish to record this case as one in which a 
number of attempts to enter the pleural cavity were unsuccessful. 

Case 16—Woman, aged 40, married, Russian, seamstress, admitted April 9, 
1912. (Stage III.) She stated that for two years prior to admission she had 
been troubled with a slowly increasing cough, expectoration, pain in chest and 
dyspnea. These symptoms have in the past three months become very trouble- 
some. The patient presented a bilateral pulmonary process. The right lung 
(Stage III) showed moderate activity. The left lung (Stage 1) was quiescent. 
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The pneumothorax was induced in the hope of controlling the excessive cough 
and expectoration. She remained under treatment for three and a half months. 
during which time good compression of the left lung was secured with marked 
relief from symptoms. She left the institution against advice. 

Case 17.—Man, aged 34, married, American, admitted Nov. 28, 1912. (Stage 
Il.) Before admission he had three large hemorrhages at various intervals. 
Since admission he has been afebrile. April 6, 1913, he had a large hemorrhave 
of about 40 ounces; two days later another of 15 ounces, and on the two fol- 
lowing days 10 ounces and 8 ounces respectively. April 16 and 17 he expectorated 
blood again, in moderate quantities; likewise on May 25 and 26. His weight in 
April, 1913, was 156 pounds, a gain of 5 pounds since admission. There was 
extensive involvement of the entire right upper lobe, without excavation (Stage 
If) and slight percussion changes at the left apex (Stage 1). On account of 
the previously recurring hemoptyses it was deemed advisable to compress his 
lung. 

May 26 the first injection of gas, 500 c.c. were introduced without difficulty : 
manometric oscillations were negative and positive, of moderate degree, with 
zero as a center. There was no evidence of displacement of the heart, after 
this operation. On the following day the patient had a severe hemoptysis 
Auscultatory evidence of the presence of gas in the chest was lacking. May 28. 
1,100 c.c. of nitrogen were introduced easily. June 3, 1.200 c.c. of nitrogen were 
introduced. June 12, 1,500 c.c. of nitrogen were introduced. 

Previous to this time the patient was too ill to be moved to the Roentgen-ray 
room. After the last treatment, the fluoroscope showed that the base of the 
right lung was somewhat clear, but heart sound and rales were audible from 
apex down to base. Three days later a roentgenogram was made which showed 
no evidence of pneumothorax. June 17, 1,300 cc. of nitrogen were introduced. 
The following day a fluoroscopic examination showed the right base somewhat 
clear. From this date to July 4 (about four weeks) the patient received five 
injections of gas in fairly large amounts and in spite of careful physical exam- 
ination, no evidence of a definite pneumothorax could be established. Further 
treatment was therefore discontinued. It is probable that at each treatmert the 
gas escaped into the lung. 

Case 18.—(Fig. 7.) Man, aged 21. admitted May 29, 1913. (Stage IIT.) 
On admission physical examination of the chest showed bilateral involvement of 
the left side, and the roentgenogram showed infiltration in the upper half of the 
left and apex of the right lung. Temperature ranged between 98 and 103 F. 
The patient has had diarrhea since admission. Pulmonary compression was 
recommended on account of the poor prognosis, based upon the progression of 
the disease in the lungs, and the complicating diarrhea. July 7, the initial 
injection of 500 cc. of nitrogen was introduced into the left pleural cavity. 
Following this there was a reduction in the temperature which soon became 
normal. During the following seven weeks, seven more injections were given 
varying in amounts from 500 to 1,300 c.c. and the treatment had to be discon- 
tinued because of severe pains in the lower left axilla and shoulder region 
(diaphragmatic pleurisy) and marked dyspnea. After the treatment had been 
discontinued, the temperature rose, varying from normal to 101.5 F. September 
12, an effusion developed. The fluid was aspirated and a smear of the sediment 
showed no tubercle bacilli. Animal inoculation was not done in this case. The 
loss of weight has been progressive. There has been slight progression of disease 
on the right side. No improvement has occurred in the diarrhea. 

Case 19.—Man, aged 21, single, American, clerk, admitted March, 1913. 
(Stage III.) There was continuous daily elevation of temperature up to 103 
and 104 F., ‘with severe chills and night-sweats. Weight on admission was 120 
pounds. Patient was bed-ridden. There were present extensive involvement of 
the entire left lung (Stage III) and infiltration of the right apex (Stage 1). 
(Fig. 8) with tuberculous laryngitis with aphonia (infiltration) as a complica- 
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tion. The first injection of nitrogen, 300 c.c., was given April 14, 1913. The tem- 
perature began to drop promptly (Fig. 12). The chills and night-sweats ceased; 
the cough and expectoration lessened. The laryngitis improved and the patient’s 
voice became clear. In the course of the first few weeks of treatment the 
patient’s symptomatic improvement was marked. On the other hand, there was a 
slight progressive loss in weight. 

May 1, patient was permitted to leave his bed and since then has been up and 
about and has made a trip to the city, a distance of forty miles. The pneumo- 
thorax was complete (Fig. 8). ; 

Case 20.—Boy, aged 16, American, admitted October, 1912. (Stage III.) 
The temperature was continuously elevated, varying from 98 to 102 F., in the 
evening, usually around 100.5 F.; considerable cough and expectoration. He 
presented extensive disease of the left lung with excavation (Stage III). The 
right side showed only slight apical dulness (Stage I). The patient was 
recommended for pneumothorax treatment because of the progressive character 
of his disease. 

June 30, first injection (800 c.c!) of nitrogen was introduced. The tempera- 
ture has been normal since the beginning of treatment; there has been no 
cough or expectoration and no shortness of breath, in spite of the gas; the 
patient feels much stronger and has been exercising freely, playing ball, etc. 
There has been slight gain in weight. During August he received a total of 
1,100 c.c. of gas on two separate occasions. September 18, he looks well, is 
cheerful and happy. 

Case 21.—Man, aged 24, admitted July 15, 1912. Duration of disease thirteen 
months. (Stage III.) A severe hemoptysis of 45 ounces occurred April 15, 
1913. For the following few days he had a slight evening temperature up to 
100 and 101 F. On May 6 another hemorrhage of 10 ounces. Pneumothorax 
treatment was recommended because of hemoptyses. There was an extensive 
chronic process involving the entire left lung (Stage III) with slight percussion 
changes at the right apex (Stage I). 

May 7, pneumothorax was instituted on the left side without difficulty, $00 
c.c. of nitrogen being injected. May 12, patient feels well; expectoration dimin- 
ished. May 21, fluoroscopic examination showed that the left lung was well 
compressed. June’4 and 11, fluoroscopic examination showed the left half of 
the chest to be very clear (gas) except for a marked shadow (lung) along the 
spinal column. Left half of the diaphragm was depressed. Heart displaced to 
the right. August 4, the left lung is well compressed. A slight pleural effusion 
has developed. A guinea-pig inoculated with the fluid aspirated, developed 
generalized tuberculosis. 

Case 22.—Man, aged 26, single, schoolteacher, Russian, admitted March 18, 
1913. (Stage III.) Considerable cough and expectoration were his most marked 
symptoms. There was extensive progressive involvement of the right side 
(Stage III). 

Pneumothorax treatment was advised because of the extensive lesion and its 
progressive character. June 9, first injection, 350 c.c. nitrogen was introduced. 
Since the institution of pulmonary compression the cough and expectoration have 
been beneficially influenced. There has been some loss in weight. September 
3, patient discharged at his own request. Condition improved. 

Case 23 (Fig. 6).—Man, aged 24, Russian, admitted Nov. 4, 1912. (Stage 
III.) Duration of illness four years. The temperature has risen since admis- 
sion, at times up to 104.5 F., but usually about 100 F. Considerable cough and 
expectoration have been present, The disease has been progressive. There was 
present extensive disease throughout entire left lung (Stage III) and right upper 
lobe (Stage II). 

Pneumothorax treatment was advised because of the stage of the disease 
and its progressive character. May 5, first injection, 600 c.c. of nitrogen intro- 
duced. A pulmonary compression was maintained during the following four 


| 
| 
| 


234 THE ARCHIVES OF INTERNAL MEDICINE 


months. At the end of August the patient complained of pain in the left side 
and a moderate rise of temperature developed. A pleural effusion was suspected 
and was demonstrated by physical, as well as Roentgen-ray examination. Since 
the institution of the pneumothorax treatment the temperature had always 
been normal except for a period of one week, when the pleural effusion 
appeared and then the temperature ranged up to 102 F. A guinea-pig which 
was inoculated with the aspirated pleural fluid developed tuberculosis. The 
cough and expectoration were also diminished. The loss of weight was, how- 
ever, progressive. There have been no night-sweats at any time during this 
period. September 25, physical signs in the right lung are unchanged. The 
left lung shows almost complete pneumothorax. There has never been any 
difficulty in getting into the pleural cavity. The patient has taken a trip to 
the city since treatment was instituted. 

Case 24.—Man, aged 39, widower, American, duration of disease eight years, 
admitted 1912. (Stage III.) Since admission his temperature has ranged 
usually from 100 with rises to 102 and 103 F. about every ten days. The cough 
is severe and expectoration considerable, from 100 gm. to 150 gm. daily. He has 
lost weight rapidly, and his weakness has been marked. He presented extensive 
involvement of the left lung with a cavity in the lower lobe (Stage III) and 
infiltration of right upper lobe (Stage II). Because of the wide-spread disease 
and its progressive character, pneumothorax was recommended in the hope of 
staying the process somewhat, at least on the left side. April 28, the first 
attempt to produce a pneumothorax was unsuccessful. Good oscillations, nega- 
tive and positive, were obtained, but always about zero as a center. Probably 
the gas escaped by way of the lung and bronchi. Fluoroscopic and physical 
examination failed to reveal any signs of gas. Four subsequent attempts to 
produce pneumothorax likewise proved futile. June 13, the first successful 
pneumothorax was established. The patient received 900 c.c. of nitrogen. July 
15, 400 c.c. of nitrogen were given and subcutaneous emphysema developed. 
July 29, the patient developed a pleural effusion. The lung was only partially 
compressed. Apparently there was no diminution in size of the cavity on the 
left side. August 11, the left chest was aspirated. Fluid showed lymphocytosis 
of 95 per cent. A guinea-pig inoculated with the aspirated fluid was positive for 
tuberculosis. September 19, no change in the size of the pleural effusion. Up 
to date there has been no diminution in amount of the cough, expectoration or 
temperature. The loss of weight and weakness have been progressive. The 
pulmonary process has spread on both sides; a thick walled cavity on the left 
side prevented complete compression. 

Case 25.—Man, aged 19, single, American, admitted April 17, 1913. (Stage 
III.) Duration of disease about one year. The patient has had temperature 
ranging constantly from 99 to 101.5 F. He showed extensive disease of the 
entire left lung anteriorly and of the left upper lobe posteriorly (Stage III). 
Pneumothorax was recommended on account of the unilateral extensive progres- 
sive disease. May 15, first injection of nitrogen (300 cc.) was made; it was 
followed by a great deal of pain and dyspnea. The fluoroscopic examination 
showed a small clear area (pneumothorax) at the base of the left lung. Fifteen 
subsequent attempts to introduce nitrogen during the months of June, July and 
August were made and the largest amount of gas that could be introduced at 
any one time was 500 c.c., the usual amount being about 200 to 250 c.c. Further 
attempt to collapse the lung was discontinued owing to extensive pleuritic 
adhesions. 

Case 26.—Man, aged 28, single, Austrian, admitted May 7, 1913 (Stage III); 
duration of disease several years. 

The temperature since admission has ranged between 98 and 101 F., usually 
about 100 F. There was extensive bilateral disease, chiefly right-sided. Pneu- 
mothorax was recommended because of the widespread progressive disease. 
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June 16, the first injection was made (400 cc. of nitrogen). Pulmonary 
compression was maintained during the following four months. September, 
temperature has been unaffected by the treatment, but the cough and expectora- 
tion have diminished slightly. There has been progressive loss of weight (15 
pounds) in the past four months. The pneumothorax is complete. On the left 
side there has been a slight diminution in physical signs. The patient is sleeping 
better (due to the lessening of the cough), and his appetite is improved. 

Case 27.—Man, aged 28, single, Russian, admitted Sept. 16, 1912. (Stage III.) 
Since admission the temperature has ranged up to 102 F. He has coughed and 
expectorated considerably. The disease has been progressive. Extensive dis- 
ease of left lung (Stage III). Pneumothorax was recommended because of the 
wide-spread process in the left lung and its progressive character. 

April 21, first injection was made (350 c.c. of nitrogen). During the follow- 
ing four months pulmonary compression was effectually maintained. There was 
no difficulty in entering the pleural cavity. After each inflation the patient 
complained of dyspnea and severe pains in the chest. Since treatment was 
instituted his temperature has been normal; he coughs and expectorates very 
little, and has made a trip to the city. His weight has been stationary. 

Case 28.—Man, aged 27, single, Russian, admitted Jan. 1, 1913. (Stage III.) 
He has had repeated hemorrhages since admission and therapeutic pneumothorax 
was advised. His temperature has not been above 100 F. He presented 
extensive infiltration of the entire right lung (Stage III) and slight percussion 
changes at the left apex (Stage I). 

June 13, first injection, 700 c.c. of nitrogen were introduced. July; during 
this month about 4,200 c.c. of nitrogen were injected. September, during the 
past five weeks patient received an additional 2,600 c.c. of nitrogen. He has had 
no hemoptysis since the institution of treatment. There has been no progression 
of the lesion on the left side. He has lost weight. His cough and expectoration 
remain uninfluenced. 

Case 29.—Man, aged 21, Russian, single, admitted Feb. 24, 1913. (Stage III.) 
His temperature was normal, he coughed and expectorated moderately. There 
was extensive disease of the left lung (Stage I”), with a dulness at the right 
apex (Stage I). Pneumothorax was recommended because of the extensive 
unilateral character of the disease. June 2, first injection, 600 c.c. of nitrogen, 
was introduced. August, he developed a left pleural effusion, which was 
aspirated. Examination showed a marked lymphocytosis of aspirated fluid; 
guinea-pig inoculated with the aspirated fluid showed tuberculosis. Pneumo- 
thorax in this case was successfully established. Improvement in the cough 
and expectoration followed. The patient’s weight remained stationary. The 
signs in the right lung were unchanged. 
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STUDIES ON ACIDOSIS AND DYSPNEA IN RENAL 
AND CARDIAC DISEASE* 


FRANCIS W. PEABODY ~ 
BOSTON 


The present study was undertaken to obtain information concern- 
ing the cause of dyspnea in cardiac disease, with especial reference to 
the possibility of changes in the nature of the stimulus to respiration. 
Recent progress in our knowledge of the physiology of respiration 
and of its exciting stimulus, together with the development of certain 
physiological and chemical methods, have opened new pathways for 
the study of pathologic conditions. 

The pioneer work of Haldane and Priestley seemed to establish the 
fact that the exciting stimulus to the respiratory center is the carbon 
dioxid content of the blood. This conception, however, has been 
broadened by such subsequent investigators as Winterstein' and Has- 
selbalch,? who have shown that the essential stimulus is the hydrogen- 
ion concentration of the blood. The variations in the carbon dioxid 
content of the blood, and consequently of the alveolar air, are but the 
result of the attempt on the part of the organism to keep the hydrogen- 
ion concentration of the blood at a constant value. The carbon dioxid 
in the blood rises as the amount of non-volatile acid falls, and the 
carbon dioxid falls as the production of other acids rises. L. J. 
Henderson*® has been chiefly instrumental in showing the enormous 
biological importance of the constancy of the reaction of blood and 
other body-fluids, and in explaining the mechanism by which this con- 
stancy is maintained. In the living organism large amounts of the 
acid products of metabolism are continually being poured into the 
blood, but the constancy of the reaction of the blood is normally main- 
tained, in part by the regulatory mechanism of certain remarkably 
adapted chemical equilibria (sodium carbonate—sodium bicarbonate, 
monosodium phosphate—disodium phosphate and the proteins) which 
allow the maximum amount of acid to be added with the minimum 
change in the reaction of the system, and in part by the process of 
elimination. The réle played by the kidney has been especially studied 
by Henderson,‘ who has called attention to the remarkable specific 


* Submitted for publication, March 13, 1914. 

*From the Medical Clinic of the Peter Bent Brigham Hospital. 
1. Winterstein: Arch. f. d. ges. Physiol., 1911, cxxxviii, 167. 

2. Hasselbalch: Biochem. Ztschr., 1912, xlvi, 403. 

3. Henderson, L. J.: Science, 1913, xxxvii, 389. 

4. Henderson: Jour. Biol. Chem., 1911, ix, 403. 
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action by which this organ is enabled to separate acid from its com- 
bined base, excrete the acid and save the base to the body so that it 
may again combine with and neutralize acid. The lungs form the 
second excretory channel of importance, for by means of them carbon 
dioxid is excreted. Any tendency to the production of an acidosis 
in the body is immediately compensated for by an increase in respira- 
tion and a washing out of carbon dioxid. It seems probable that the 
kidney is the fundamental regulator of the reaction of the blood, but 
the lungs, acting more quickly in response to sudden calls, serve as 
the more delicate balance-wheel of the regulatory mechanism.* 

The question of the regulation of respiration has, however, been 
fundamentally widened by the writings of the two Danish physiolo- 
gists, Hasselbalch and Lindhard, who have shown that there are two 
factors which must be considered. The first of these, and the one to 
which attention has hitherto been generally directed, is the nature or 
size of the stimulus to respiration. The second is the excitability of 
the respiratory center. This has been usually accepted as being a con- 
stant, and the possibility of its varying has been rather overlooked. 
To quote Hasselbalch’s own words :* 


The two factors, regulation of neutrality and excitability of the respiratory 
center, together govern the chemical regulation of respiration, and therefore 
the amount of the alveolar carbon dioxid tension is a function of the two 
factors, and cannot be regarded as a physiologic constant.” 


Hasselbalch states that a diminution in the carbon dioxid tension 
of the alveolar air is thus not necessarily due to an increase of the 
acids in the blood, since this condition may be present when the 
respiratory center is hyperexcitable and responds to a hydrogen-ion 
concentration of the blood that is lower than normal. In such a case 
the threshold for the excitation of the center has become lowered, 
but the composition of the blood as far as acids other than carbon 
dioxid go may remain unchanged. That variations in the excitability 
of the respiratory center do actually occur has been shown. The 
excitability may be tested by the method of Lindhard’ in which the 
subject is given mixtures containing various percentages of carbon 
dioxid to breathe, and the increase in alveolar ventilation which results 
from a given increase in the inspired carbon dioxid is measured. 
Lindhard* has shown that the excitability of the respiratory center 
varies inversely as the oxygen tension of the blood. The excitability 


5. Campbell, Douglas, Haidane and Hobson: Jour. Physiol., 1913, xlvi, 301. 

6. Die zwei Faktoren: Neutralitatsregulation und Reizbarkeit des Atem- 
zentrums beherrschen zusammen die chemische Atmungsregulation, so dass die 
Grésse der alveolaren CO,.—Spannung als Funktion der beiden Faktoren 
hervorgeht und nicht als physiologische Konstante betrachtet werden kann. 

7. Lindhard: Jour. Physiol., 1911, xlii, 337. 
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is furthermore increased by exposure of the person to ultra-violet 
light (Hasselbalch*), and in pregnancy (Hasselbalch*), but it is 
decreased by the action of morphin (Hasselbalch*). The decrease in 
the alveolar carbon dioxid tension described by several observers as 
occurring at high altitudes has been asserted by Hasselbalch and Lind- 
hard® to be the result of an increase in the excitability of the respira- 
tory center which is probably associated with the action of ultra-violet 
rays. Haldane and his coworkers® have criticized the experimental 
methods used by Lindhard in his work on the effect of oxygen tension 
on the excitability of the respiratory center. Their own experiments 
show no changes of excitability corresponding to variations in the oxy- 
gen tension, and they conclude that the excitability appears to be con- 
stant during health. 

Inasmuch, then, as blood, urine and alveolar air are all more or 
less directly related to the control of respiration, it is evident that in 
studying the complicated processes at work under pathologic condi- 
tions, all three of these factors should be considered. 

In a consideration of the subject of cardiac dyspnea, one has vari- 
ous clinical types of patients under observation, and it is important 
to separate and simplify the types as far as possible. Perhaps the 
broadest lines that can be drawn are in the recognition on the one 
hand of the cases of uncomplicated cardiac disease, and on the other, 
cases of so-called “cardiorenal” disease in which the kidneys may be 
assumed to be the essential or at least an important underlying factor. 

It is quite possible that different causes for the dyspnea in vari- 
ous types of uncomplicated heart-disease may be ascertained, and the 
study of large numbers of cases may lead to the recognition of definite 
groups of functional derangement. Of more immediate importance, 
however, is the determination of the rdle played by renal disturbance. 
It has long been known that certain types and stages of nephritis may 
be associated with the development of a considerable degree of acido- 
sis, and since there is a direct relationship between acidity and respira- 
tory control, it is logical to give some attention to this factor, and to 
determine if possible whether renal insufficiency has any bearing on 
the production of dyspnea. The first group of cases to be reported 
are, therefore, instances of renal disease in which cardiac involvement 
was either absent or of secondary importance. The second group of 
cases are instances of heart-disease with either no renal disturbance 
except passive congestion, or else a very moderate degree of nephritis. 

It is to be regretted that the number of cases reported is not great, 
but some of them have been studied rather extensively, and as further 


8. Hasselbalch: Skandin. Arch. f. Physiol., 1912, xxvii, 1. 
9. Hasselbalch and Lindhard: Skandin. Arch. f. Physiol., 1911, xxv, 361. 
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investigation has necessarily been temporarily postponed, the work is 
reported in its present state. 
METHODS 


Alveolar Air—The samples of alveolar air were almost always 
taken by the Plesch method. A comparative study of various methods 
of taking samples of alveolar air by Boothby and Peabody’® showed 
the simplicity and reliability of this method for work with patients. 
Subsequent use has fully confirmed their opinion. Three separate 
samples were taken, and almost always a very satisfactory agreement 
within 2 mm. was found. Occasionally the carbon dioxid tension in 
one tube fell so far below the others that it was obviously an error, 
and this figure was discarded. The gas analyses were made with the 
small Haldane gas-analysis apparatus. The tension of the carbon 
dioxid in the alveolar air in normal persons usually ranged between 
39 mm. and 44 mm. 

Hydrogen-lon Concentration of the Blood.—This was determined 
by means of the concentration cell, since titration and colorimetric 
methods do not give satisfactory results with blood. The general 
arrangement of apparatus was exactly like that described by Séren- 
sen."* A platinum wire, calibrated in the physical laboratory of Har- 
vard University, and a standard cell whose voltage was checked in the 
same laboratory, were used. An Edison nickel accumulator, and a 
Lippmann capillary electrometer were used. The hydrogen was gen- 
erated in a Kipp apparatus and passed through a pyrogallic acid-potas- 
sium hydroxid solution, sulphuric acid, calcium chlorid tube and 
water before it entered the electrode vessel. All parts of the apparatus 
were mounted on paraffin blocks to prevent trouble from poor insula- 
tion. The electrodes were controlled by the use of the Sérensen stand- 
ard phosphate solutions. 

The measurement of the electromotive force, and thus of the 
hydrogen-ion concentration of simple solutions is comparatively easy 
by means of the concentration cell. The problem is, however, much 
more difficult when one is working with blood. This is on account of 
two features—the high albumin content of blood and the important 
part played by the carbon dioxid. The albumin content of blood 
apparently affects both the accuracy with which the readings can be 
made, and the rapidity with which an end-point is reached. The 
carbon dioxid is of even greater significance, for the reaction of blood 
varies according to the carbon dioxid tension at which it is tested. 


10. Boothby, Walter M., and Peabody, Francis W.: A Comparison of Meth- 
ods of Obtaining Alveolar Air, THe Arcuives Int. Mep., 1914, xiii, 497. 


11. Sérensen: Ergebn. d. Physiol., 1912, xii, 393. 
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Hasselbalch** has done an important service in calling attention to the 
error inherent in the previous work of most investigators of the reac- 
tion of blood, in that they neglected the escape of carbon dioxid, and 
he proposed a method by which it was possible to measure the hydro- 
gen-ion concentration of blood saturated with carbon dioxid at a known 
tension. By the use of an ingeniously devised electrode vessel he is 
able to introduce, one after another, several samples of blood. Each 
new sample is shaken up in the atmosphere of hydrogen which is pres- 
ent in the electrode. Carbon dioxid escapes from the blood into the 
atmosphere above, but after several changes of blood, the atmosphere 
has a carbon dioxid tension equal to that of the blood, so that on the 
admission of a new sample, there is no loss of carbon dioxid. This 
form of electrode was used in the earlier work here, but it was found 
impossible to get constant results. After each change of blood there 
would be a fall in the reading and it was extremely difficult to get 
a constant end-point. Hasselbalch’s* latest modification of his method, 
which is supposed to obviate some of the difficulties, was not tried, 
as it seemed much simpler to change the apparatus so as to be more 
on the principle of the method described by Michaelis and Rona.** The 
essential feature of this consists in the use of an electrode vessel which 
shall contain a large amount of blood and a small volume of hydrogen. 
With this arrangement only a comparatively small proportion of the 
carbon dioxid in the blood will pass out into the hydrogen atmosphere, 
and after a single filling of the vessel, a reading is obtained which is 
to all intents and purposes accurate. This does away with the chang- 
ing of the blood necessary in the Hasselbalch vessel, in which the vol- 
ume of blood is very small in proportion to the volume of hydrogen 
atmosphere. In the form finally adopted, the electrode vessels were 
shaped something like small Florence flasks with a tube for the inlet 
of blood set into the bottom, and a tube for the inlet of hydrogen set 
into the side of the neck. When ready for use, the bulb contains 
about 5 c.c. of blood and the neck about 1 c.c. of hydrogen. The 
neck is closed by a tightly fitting rubber stopper, through which is 
passed a piece of glass tubing with a short platinum wire, to serve as 
the electrode, fused into the end of it. 

The blood used was taken from a vein at the elbow and defibrin- 
ated. Lundsgaard® has shown that the hydrogen-ion concentration 
is the same in defibrinated as in herudinized blood. The blood was 
then filtered and placed in a bottle through which was passed a rapid 


12. Hasselbalch: Biochem. Ztschr., 1910, xxx, 317; Hasselbalch and Lunds- 
gaard: Biochem. Ztschr., 1912, xxxviii, 77. 

13. Hasselbalch: Biochem. Ztschr., 1913, xliv, 451. 

14. Michaelis and Rona: Biochem.-Ztschr., 1909, xviii, 317. 

15. Lundsgaard: Biochem. Ztschr., 1912, xli, 247. 
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stream of a mixture of carbon dioxid and air. The mixture was 
analyzed for every experiment, so it was known at what tension of 
carbon dioxid the blood was saturated. After thorough saturation by 
running in this mixture for thirty minutes, and after thorough shaking, 
the blood was transferred by means of a glass syringe, and with con- 
stant care to prevent loss of carbon dioxid, into the electrode vessel. 
This vessel had previously been filled with the same mixture of car- 
bon dioxid and air, so that there was no opportunity for the blood to 
lose carbon dioxid while it was being passed into the electrode vessel. 
The vessel and the side tube were completely filled with blood so that 
no bubbles of air remained. Then the side tube was connected with 
the hydrogen apparatus and blood allowed to run out of the lower 
end of the vessel until the neck of the vessel was filled with hydrogen, 
and the platinized electrode was just dipping into the blood. After 
shaking for ten minutes to promote a more rapid diffusion of gases, 
the electrode was allowed to stand. Readings were then made from 
time to time until a constant end-point was reached. Sometimes this 
occurred quickly, but usually it took two or three hours. All obser- 
vations were made in duplicate, and at room temperature. The results 
were calculated and the temperature corrected to 18 C. (64.4 F.), 
using the formulas which are given in So6rensen’s article." The 
results are expressed in the now familiar terms of Sorensen as the 
ph.** It is to be remembered that the more alkaline a solution, the 
higher the ph., and the more acid, the lower the ph. When saturated 
at 40 mm. carbon dioxid the ph. of normal blood is approximately 
7.45. Taking the high and low limits the extreme variations are 
between 7.40 and 7.50. 

In all instances the ph. of the blood was determined when it had 
been saturated with a mixture containing carbon dioxid at about 41 
mm. tension. This carbon dioxid tension may be considered as that 
at which the blood is saturated in the body when the alveolar carbon 
dioxid is normal. In normal individuals, therefore, it gives the actual 
ph. of the blood. If, however, the carbon dioxid in the alveolar air 
is below normal, as in cases of acidosis, the saturation at 41 mm. 
carbon dioxid will give a more acid value for the blood than is actu- 
ally present. This is at least true in the majority of instances, for we 


16. “Aus Zweckmissigkeitsgriinden, die besonders bei graphischen Darstel- 
lungen der Abhangigkeit zwischen dem Verlauf biologischer Prozesse und der 
Wasserstoffionenkonzentration des Mediums hervortreten hat S. P. L. Sérensen 
vorgeschlagen als Mass fiir die Grésse der Wasserstoffionenkonzentration 
einfach der numerischen Wert des Exponenten der oben erwahnten Potenz von 
10 zu benutzen und die Bezeichnung PH. anzuwenden. .” “Unter dem 
Wasserstoffionenexponenten, PH., einer Lésung ist der Brigg’sche Logarith- 
mus des reziproken Wertes des auf Wasserstoffionen bezogenen Normalitats- 
faktors, der Lésung zu verstehen.” S6rensen: Ergebn. d. Physiol., 1912, xii, 401. 
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know that the reduction of the alveolar carbon dioxid is usually an 
indication of the compensatory mechanism by which the blood-reaction 
is kept constant with a ph. of 7.45. The ph. of the blood saturated 
at 41 mm. carbon dioxid will thus be an index of abnormal acid for- 
mation. As such an index, it confirms what the determination of the 
alveolar carbon dioxid gives us, but it is also of especial value in cases 
in which it is not possible to obtain samples of alveolar air. Moreover, 
at present there has not been sufficient correlation of the alveolar car- 
bon dioxid findings with the hydrogen-ion concentration of the blood 
in pathologic conditions for us to know in how far they correspond, 
as they do in normal conditions. In many instances, determinations of 
the ph. were also made on the same specimens of blood saturated 
with carbon dioxid at or about the tension at which it was found in the 
alveolar air. This would tell the actual reaction of the blood in the 
lungs. Usually this gives, of course, a ph. of the value of normal 
blood, about 7.45. Occasionally, however, in terminal conditions there 
is evidence of a failure of the compensatory mechanisms and of a 
true change in the reaction of the blood toward the acid side. 

Urine.—The nitrogen was ascertained by Kjeldahl’s method, and 
the ammonia determinations were made by the method of Folin.” 
The hydrogen-ion concentration of the urine was found by the colori- 
metric method described by Palmer.** The “retained base” and “total 
acidity” were determined by Adler and Blake’s method.’® To save 
space a great part of the urinary analyses are omitted, as they con- 
tribute little that is not shown by the other methods. 

Blood.—I am indebted to Dr. C. Frothingham, Jr., and to Dr. 
W. G. Smillie, who kindly made the determinations of the non-protein 
nitrogen in blood by the method of Folin.*° 


CHRONIC NEPHRITIS 
From the point of view of this study, the factor of importance in 
chronic nephritis is the development of acidosis. The cases examined 
fall clearly into two groups—those of uncomplicated nephritis and 
those of nephritis with uremic manifestations. Palmer** and others 
have shown, and studies in this hospital have confirmed the fact, that 
a very mild grade of acidosis is a frequent accompaniment of chronic 


17. Folin: Am. Jour. Physiol., 1905, xiii, 45. 

18. Palmer, Walter W., and Henderson, Lawrence J.: Studies Upon Acid 
Base Equilibrium and the Nature of Acidosis, THe Arcuives Int. Mep., 1913, 
xii, 153. 

19. Adler, Herman M., and Blake, Gerald: The Retention of Alkali by the 
Kidney with Special Reference to Acidosis, THe Arcuives Int. Mep., 1911, 
vii, 479. 

20. Folin and Denis: Jour. Biol. Chem., 1912, xi, 527. 

21. Palmer: Med. Communicat. Massachusetts Med. Soc., 1913, xxiv, 133 
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nephritis. This is shown by the high hydrogen-ion concentration of 
the urine, by the total acid excretion, and by Palmer’s sodium bicar- 
bonate tolerance test. Apparently, however, in uncomplicated cases 
this degree of acidosis is taken care of by the kidneys. The increased 
excretion of acids in the urine serves to prevent any accumulation in 
the blood, and there is no decrease in the tension of the carbon dioxid 
in the alveolar air as there would be if the regulatory mechanism of 
the kidney were unable to compensate for the increased formation of 
non-volatile acids. Table 1 gives the alveolar carbon dioxid in a few 
cases of uncomplicated nephritis. It will be noted that the phthalein 
output in some of them indicates a nephritis of considerable severity. 


TABLE 1.—Atveotar Carson Droxip 1N CHronic NEPHRITIS wiTHOUT CaR- 
pIAC DECOMPENSATION OR UREMIA 


Non-Protein | Alveolar Phthalein Output in Two 


Case Date Nitrogen Co, Hours 
in Blood | mm. Per Cent.) 
| 

12- 6 42.0 
12-19 42.7 
2-2 38.5 
2-3 47.6 40.2 25 
24 393 | 
2-5 39.3 | 
2-7 56.1 38.1 | 18 
2-5 28.4 42.3 


The second group of renal cases consists of those in which there 
were definite manifestations of uremia. The majority of these ended 
fatally. In some of them it was possible to obtain observations over 
a more or less protracted period, during which the development of a 
marked acidosis could be followed. In these cases the determination 
of hydrogen-ion concentration of the blood was of great value, for 
after the patients became very sick, or developed coma, it was not 
possible to obtain samples of alveolar air. 


Case 1—H. G. M. (medical No. 621), woman, aged 28, was admitted to 
the hospital, Dec. 9, 1913, discharged Dec. 16, 1913. Diagnosis: chronic nephritis. 
There was no history of any previous illness, but the patient gave an indefinite 
account of rheumatic fever a few years ago. Onset of present illness is some- 
what obscure, but apparently she had had disturbance of vision for over a 
year. During the summer she was well enough to play tennis several times, 
but had to give it up owing to “flashes” before her eyes. Two months before 
admission she had a severe attack of nausea and vomiting, and she has had 
some nausea since. There has been no edema other than a slight swelling of 
the eyelids. 


244 THE ARCHIVES OF INTERNAL MEDICINE 


Physical examination was generally negative, except for a hypertrophied 
heart. Blood-pressure: systolic 280+. The eye-grounds show several hemor- 
rhages and marked albuminuric retinitis. 

Urine: acid, specific gravity 1.012, albumin, 0.3 per cent.; sediment, few 
hyaline, many granular and blood-casts. 

Blood: hemoglobin 81 per cent. 

The phthalein test was made twice during her stay in the hospital, and on 
both occasions only traces appeared in the urine. 

December 10: Uncoagulable nitrogen in the blood, 90 mm. per 100 c.c. The 
ph. of the urine varied from 5.7 to 7 

During her stay in the hospital the patient vomited frequently and had 
several severe headaches. It was quite apparent that these were early symp- 
toms of uremia. After leaving the hospital she developed marked muscular 
—s and slowly lost ground. She died about ten days after leaving the 

ospital. 

The ph. of the blood determined at 41.8 mm. tension of carbon dioxid 
December 11 was 7.44. This day the carbon dioxid tension of the alveolar 
air was 40.3 mm. Carbon dioxid tension of alveolar air December 12, 41.7 mm. 
and December 13, 40.4 mm. 


This case then, at the beginning of what proved to be a terminal 
uremia, showed a perfectly normal carbon dioxid tension of the alve- 
olar air and correspondingly a normal hydrogen-ion concentration of 
the blood. 


Case 2.—L. F. C. (medical No. 655), man, aged 30, admitted Dec. 19, 1913, 
died Jan. 10, 1914. Diagnosis: chronic interstitial nephritis. This patient has 
been admitted to the hospital three times for chronic nephritis. The only 
etiological factors in the past history are malaria and dysentery, which he had 
in the Philippines ten years ago. For nine years he has had headaches, but 
these have been more severe in the last year and a half. On each occasion he 
has entered the hospital with a history of morning headaches, polyuria, moder- 
ate edema, poor vision, and slight dyspnea. Only on the final admission was 
there any evidence of grave cardiac insufficiency. At the last admission he 
was having marked dyspnea and orthopnea. The urine always showed a large 
amount of albumin and a low specific gravity. On the first admission the 
phthalein output was 20 per cent. in three hours, on the second admission 8 per 
cent. in two hours, and on the last admission it was zero in two hours. Blood- 
pressure has ranged from 200 to 240. Since the first admission there has been 
an albuminuric retinitis. There was cardiac hypertrophy but there were no 
murmurs except for a loud systolic murmur best heard in the aortic area, 
which developed under observation a few days before death. The dyspnea 
and orthopnea which were evidences of cardiac insufficiency and were present 
on his final admission, disappeared shortly after he was put to bed. After 
the first few days the heart was apparently completely compensated. Thus, 
December 21, the note states that “the dyspnea which was marked on entrance 
has disappeared. He breathes easily and sleeps lying almost flat. There is 
marked pallor of the skin and mucous membranes. Respiratory rate is 21. 
There is slight irregularity in rhythm and depth. Lungs are negative except 
for scattered rales, especially at the bases. Heart-sounds are loud and clear; 
no murmurs heard.” 

December 24, the patient began to be restless and his mind became clouded. 
From that time he gradually failed with increase of mental clouding. He 
vomited frequently and was at times definitely delirous. 

January 9: “The patient seems very dopey at this time but responds when 
told to put out his tongue. There is marked pallor. There is no dyspnea and 
no orthopnea. Respirations are irregular but there are no definite periods of 
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apnea. Lungs are clear on percussion, but the breath-sounds are distant. Heart 
is enlarged. There is no edema. Pulse-rate 88. There is constant muscular 
twitching.” 

Janvary 10: Patient sank into unconsciousness and died. Diagnosis of 
chronic nephritis confirmed by necropsy. 


TABLE 2.—Frinpincs 1x Case 2. Curonic Nepuritis ENpING IN UREMIA 


Date, 


Non H-ion | 
Volume ; Nitrogen of 
Urine | Ph.in in Blood Alveolar Remarks 
c.c. Urine mg. per Tension CO: 
100 c.c. of CO; Ph. inmm. 
in mm. 
5.5 363 | Marked dyspnea. 
Pallor. Phthal- 
an = per 
cent. in two 
hours. 
2,100 5.25 96.1 35.8 
2,420 49 
3,110 4.85 39.0 Blood-pressure 
mm. 
2,300 5.00 | 37.7 
1,930 5.05 35.6 
1,065 5.1 | 42.0 7.45 35.4 
1,150 49 — 37.7 
1,430 47 38.9 
1,590 48 129.8 
500 48 
1,160 49 
920 aii 39.1 Phthalein out put 
0 41.3 Blood - pressure = 
230 mm. 
750 47 278.9 40.7 7.45 38.8 
560 4.7* 330.0 45.4+ 7.15 atibted No dyspnea. 
. = 41.0t | 7.21 36.8 Blood - pressure 
fallen to 180 mm. 
eile | 3470 | 410 | 7.04 eo Too sick to get 
alveolar air. 
Died at 4 a. m. 


*Below; ta. m.; tp. m. 


The studies of the urine during the first few days show little that 
is significant. During the last days it was impossible to collect twenty- 
four-hour specimens, so that the figures are not of great value. The 
hydrogen-ion concentration, however, as one would have expected, 
tended at all times toward low limits. The non-protein nitrogen of the 
blood shows a progressive increase, reaching at the end the extremely 
high value of 347 mg. per 100 c.c. blood. The determinations of the 


1913 
12/19 
12/20 
12/21 
12/22 
12/23 
12/24 
12/25 
12/26 
12/31 
1914 
1/ 1 
1/2 
1/ 3 
1/ 4 
1/ 5 
1/ 6 
1/7 
1/8 
1/9 
1/10 — — 


246 THE ARCHIVES OF INTERNAL MEDICINE 


hydrogen-ion concentration of the blood and of the carbon dioxid 
tension of the alveolar air are of considerable interest. On admission 
when there was marked dyspnea the alveolar air was slightly below 
normal, and the ph. of the blood also indicated a very slight degree 
of acidosis. Following this the carbon dioxid in the alveolar air 
rises, but the figures are rather irregular and slightly low. December 
26, the ph. of the blood was normal. January 7, both the blood and 
the alveolar air were normal. January 8, however, at about the time 
at which severe symptoms of uremia developed, there was a slight fall 
in the carbon dioxid tension of the alveolar air and a marked fall in 
the ph. of the blood. A comparison of the alveolar air and the blood- 
findings suggests strongly that at this time the actual reaction of the 
blood had become abnormally acid. January 9, the patient was so sick 
that it was impossible to get the alveolar air, but the ph. of the blood 
showed a very marked acidosis. Perhaps the most striking result of 
these studies is the fact that at the period when dyspnea and orthopnea 
were marked, both blood and alveolar air showed very little evidence 
of acidosis, while at a period when acidosis was extreme there was 
scarcely any disturbance of the respiration. 


Case 3.—N. H. (medical No. 617), woman, aged 56, admitted Dec. 8, 1913, 
died Dec. 12, 1913. Diagnosis: chronic nephritis, uremia. The patient was 
unconscious when she was brought into the hospital. At a subsequent date 
a history of kidney trouble was obtained. The present condition apparently 
came on acutely about sixteen hours before admission to the hospital. 

Physical examination showed an obese woman, lying in deep coma. Respi- 
ration rather difficult and loud. No cyanosis. Heart apparently not markedly 
enlarged. Pulse 72. Blood-pressure, systolic 120, diastolic 75. Lungs show 
fine and coarse rales. Abdomen, negative. No edema. Eye-grounds, negative. 

Urine, specific gravity 1.021, albumin, trace; sediment, great numbers of 
hyaline and a few granular casts. 

Non-protein nitrogen of the blood: 65.7 mm. per 100 c.c. 

December 8: Phthalein test. No urine obtained at the end of two hours 
by catheterization. Hydrogen-ion concentration of the blood at 40 mm., carbon 
dioxid tension = 7.39. 

December 10: Patient can be roused to answer questions. There is almost 
complete anuria. Two catheterized specimens of urine were obtained of 35 c.c. 
and 18 c.c., respectively, during the twenty-four hours. 

December 11. Patient is in deeper coma. Blood taken ten hours before 
death, non-protein nitrogen, 133 mg. per 100 c.c. of blood. The ph. of the 
blood saturated at 38.7 mm., carbon dioxid tension = 7.29. 

December 12: At 8 p..m. last evening the patient lapsed into deeper coma 
with stertorous respiration. This morning she had general convulsions and 
died. Necropsy showed chronic nephritis. 

Urine examinations could not be made on this patient as the output was 
so small. It was impossible to obtain specimens of alveolar air. The hydrogen- 
ion concentration of the blood, however, was determined on two occasions. 
When the patient was admitted the hydrogen-ion concentration was practically 
normal, but December 11 there was evidence of well-marked acidosis. Shortly 
after this determination was made the patient developed a deep, slow respira- 
tion, somewhat suggestive of the respiration seen in diabetic acidosis. 
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Case 4.—J. W. D. (medical No. 673), man, aged 32, admitted Dec. 26, 1913, 

died Jan. 4, 1914. Diagnosis: chronic nephritis, uremia, pericarditis. Com- 
plaint, vomiting. Past history negative, except fo: osteomyelitis of the tibia 
twelve years ago. For six months he has had frontal headache in the morn- 
ing. This has been often associated with vomiting. During the last three 
weeks he has been short of breath on exertion and has had to prop himself 
up in bed at night. He has also been very drowsy; has had epistaxis for two 
months. No edema. Vision is normal. He worked as usual until four days 
ago. 
Physical examination shows a fairly well-developed young man lying propped 
up in bed breathing rapidly with some effort. Skin, pale; heart: left border 
of dulness in the fifth space, 11 cm. from the midsternal line. There is a 
high-pitched systolic murmur at the apex. Aortic second sound is rather weak. 
Blood-pressure: systolic 180, diastolic 125. There is moderate effusion in the 
pleural cavities. Reflexes very active; no edema. 

Urine acid, specific gravity 1.026, trace of albumin. Sediment negative. 

December 30: Output of phenolsulphonephthalein is zero for two hours. 
This has been repeated twice. Non-protein nitrogen of blood is 209 mg. 

January 1: Pericardial rub noticed. Patient is perfectly clear mentally. 
Output of urine 800 c.c. 

January 2: Mind is clear, no headache. Nausea and vomiting continue. 

January 3: Respiration 12 per minute, regular, slightly deep but not abnor- 
mally so. There is muscular twitching. Mind perfectly clear. Urine output 
350 c.c. Carbon dioxid tension of alveolar air, 33.8 mm. The ph. of the blood 
measured at 39.8 mm., carbon dioxid tension, 7.32. Non-protein nitrogen of 
the blood 285.7 mg. per 100 c.c. 

January 4: Patient became unconscious during the night and died early in 
the morning. Necropsy showed a chronic nephritis, acute pericarditis and 
edema of the lungs. 


In this case it was impossible to make complete urinary examina- 
tions. The alveolar air and the hydrogen-ion concentration of the blood 
determined January 3, correspond extremely well and indicate a mod- 
erate degree of acidosis. At this time the respiration was slow and 
regular and there was no evidence of dyspnea. 


Case 5.—L. C. M. (medical No. 573), woman, aged 38, admitted Nov. 29, 
1913, died Dec. 7, 1913. Diagnosis: chronic nephritis, uremia. With the excep- 
tion of an attack of measles as a child, the patient has never had any illness 
confining her to bed. For the past five years she has had headaches. These 
began as mild attacks once a month, and have gradually increased in frequency 
and severity, now occurring weekly. She has been dyspneic on exertion for 
the past five years, but has never had to leave work. One week before admis- 
sion she had a severe “bilious” attack, with pain in the epigastrium and vomit- 
ing. She has had continued nausea since the onset of this attack, but no other 
disturbance until three days before admission. At this time she noticed that 
she could not see objects clearly. On admission she could not count fingers 
at a distance of four feet. She has noticed that she has passed very little 
urine during the last week. 

Physical examination shows a small, undersized, poorly nourished woman. 
There is no marked dyspnea. Eyes and pupils are normal; the pupils are equal 
and react normally. There is a conjunctival hemorrhage on the temporal side 
of the right eye. Mucous membranes are pale. Breath is foul. Heart: apex 
indefinitely localized in the sixth space, 7 cm. from the midsternal line; left 
border is 12 cm. to the left of the midsternal line in the sixth space, and the 
right border is 3.5 cm. to the right of the midsternal line. There is a loud, 
blowing systolic murmur at the apex. Aortic second sound is markedly accentu- 


. 


TABLE 3.—Finpincs ry Case 5. CHronic NepHritis TERMINATING IN UREMIA 
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ated and there is a long systolic murmur heard over the aortic area. Pulse- 
rate 90. Blood-pressure, systolic 230, diastolic 130. Lungs show a few rales 


at the right base; slight dulness with rales at the left apex. 


the eye-grounds shows well-marked albuminuric retinitis. 
Urine acid, specific gravity 1.012; albumin, large trace; sediment contains 


many hyaline and a few granular casts, rare red blood-corpuscle. 
Blood: Hemoglobin, 66 per cent.; leukocytes, 14,600. 


Examination of 


November 30: During the night the patient was bled about 450 c.c. Although 
her mental condition was perfectly clear, it was feared that uremia was impend- 
ing owing to the condition of the eye-grounds and the urinary findings, together 


with the absence of any output of phenolsulphonephthalein. 


been put on a milk diet of 1,500 c.c. 


The patient has 


N H-ion 
Volume | Protein Blood 
oO 
Date, Urine | Ph.in | Nitrogen Alveolar Remarks 
1913 cc. | Urine in — Tension | co: 
| 100 | of COs Ph. in mm. 
in mm. 
11/29 aes 90.5 | Headache, vomit- 
ing. Albuminuric 
retinitis. Phthal- 
| ein = 3 per cent. 
in two hours. 
11/30 210 | 74+ | Phthalein = 0 in 
12/1 250 two hours. 
12/ 2 260 | Menses 31.4 Phthalein = 0 in 
two hours. 
12/3 | 150 | Menses | 1170 291 Eyesight almost 
gone. 
12/ 4 170 Menses 200.0 26.1 
12/ 5 200 74 Pade 42.5 7.22 te Mind clear. 
344 %727 
12/ 6 58 * 74 437 | 7.10 ent Blood taken six 
218 | 723 24.4 hours before 
death. Mind 
| cloudy at 6 p. m. 
Unconscious at 
1 p. m. 
12/7 Died at 2:50 a. m. 


* Catheter specimen. 


December 1: The patient complains only of general weakness. 


is less and there is no edema. 


Headache 


December 2: Patient mentally clear and does not complain of headache. 
December 3: Vision is, if anything, decreased. There is practically no dysp- 
nea and no edema. During the past twenty-four hours the urine output has 


not risen above 200 c.c. in spite of two doses of theocin. 

December 4: The patient was bled about 400 c.c. last night. Following this, 
600 c.c. of normal salt solution was introduced per rectum. Warm bath and 
later a hot pack given. Patient seemed somewhat better. There are no sub- 
jective symptoms whatever at this time other than the blindness, which is now 
almost complete. 
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December 7: The patient’s condition up to 6 p. m., December 6, was 
unchanged. At that time her mental condition was somewhat clouded. In spite 
of venesection and enteroclysis, her condition became worse during the early 
part of the evening and at 11 p. m. she became unconscious. Death occurred 
at 2:50 a. m. 


The preceding case is thus one of pure chronic nephritis terminating 
in uremia. During the whole of her stay in the hospital the excretion 
of urine was very small. The non-protein nitrogen in the blood was 
markedly increased and rose progressively. In the last two tests there 
was no output of phenolsulphonephthalein in two hours. The urine 
examination shows a high ammonia percentage, which would suggest 
acidosis. It is interesting, however, that the hydrogen-ion concentra- 
tion of the urine was at all times low. There was nothing in the diet 
or medication to account for this unusually low acidity. Analyses of 
the alveolar air showed a progessively falling carbon dioxid content. 
The ph. of the blood was determined on the last two days and on 
both occasions shows evidence of marked acidosis. Indeed the deter- 
mination December 6, of blood taken six hours before death, shows 
evidence of a true shift in the reaction of the blood toward the acid 
side. It is to be noted that at no time during the course of the dis- 
ease was dyspnea noticed. 


DISCUSSION OF FOREGOING CASES 


The foregoing cases confirm the work of von Jaksch,** who, from 
results obtained by a rather crude titration method, was the first to 
describe the acidosis of uremia. More recent investigators, using more 
accurate methods, have added little that is of essential importance. 
Straub and Schlayer,”* studying the carbon dioxid tension in samples 
of the alveolar air, obtained by the Haldane method, found a decreased 
tension in eight cases of uremia. Slightly low values were found in 
a number of cases showing only moderate uremic symptoms. The 
lowest tension occurred in the most advanced cases. These authors 
go so far as to assume a causal relationship between the acidosis and 
the uremic condition. Cases of nephritis without evidence of uremia 
showed normal carbon dioxid tension. Similar results were obtained 
by Porges and Leimdorfer,** who also made determinations of the 
carbon dioxid of the alveolar air. Poulton and Ryffel** found the 
alveolar carbon dioxid tension between 14 and 25 mm. in four cases 
of uremia. The urea-content of the blood was high, and the lactic 
acid in the blood slightly increased. The blood of these patients took 


22. Von Jaksch: Ztschr. f. klin. Med., 1888, xiii, 350. 

23. Straub and Schlayer: Miinchen. med. Wchnschr., 1912, lix, 569. 

24. Porges and Leimdorfer: Ztschr. f. klin. Med., 1913, lxxvii, 464. 

25. Poulton and Ryffel: Proc. Physiol. Soc., June 28, 1913, published in the 
Jour. Physiol., 1913, xlvii, p. xlvii. 
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up oxygen with abnormal difficulty in spite of the low pressure of 
carbon dioxid present. “This effect would be produced by the pres- 
ence of excess of acid in the blood.” These authors add that “as 
there was the possibility that the meionexy * in these cases might be 
directly connected with the high percentage of urea in the blood, a 
control experiment was made in which 0.39 per cent. urea was added 
to normal blood.” The results showed that the addition of urea to 
blood does not cause the dissociation curve to shift to the right. 

There are also a number of direct determinations of the hydrogen- 
ion concentration of the blood in nephritis with and without uremia. 
Thus Kreiblich®* found that in uncomplicated nephritis the reaction 
of the blood was within normal limits, while in uremia there was an 
acidosis. Rolly** also found that the hydrogen-ion concentration of 
the blood was normal in nephritis without uremia. In four cases of 
terminal uremia there was evidence of acidosis, but in three cases with 
temporary uremia the blood was normal. He believes that an acidosis 
of the degree found in uremia may be present in the agonal stages of 
many conditions. The findings of these last two observers are open 
to the criticism that the determinations of the hydrogen-ion concentra- 
tion of the blood were not made in blood which had previously been 
saturated at a known carbon dioxid tension. We have already seen 
that this is essential in order to obtain accurate values. 

_ The present studies confirm in general the work of previous investi- 
gators, but they also give more accurate information as to the relation 
of the acidosis to some of the associated conditions. The evidence 
is certainly against the theory adopted by Straub and Schlayer that 
acidosis is a cause of uremia. Several of the cases show that marked 
symptoms of uremia may exist without any evidence of acidosis as 
manifested by the alveolar air or by the blood. That slightly low 
figures for the carbon dioxid tension in the alveolar air may be 
obtained in some mild cases of uremia, as found by Straub and 
Schlayer, and by Porges and Leimdorfer, is certain; but all the evi- 
dence goes to show that acidosis of any great importance is rarely 
found except in severe and usually terminal cases. Even in cases in 
which the blood was examined within twelve hours before death, the 
acidosis is not so marked as is found in advanced diabetic coma. In 
one case of diabetic coma in this hospital the blood saturated at 43.2 


* Lewis, Ryffel, Wolf, Cotton and Bancroft: The condition in which the 
blood takes up less than its usual share of oxygen is called meionexy; the oppo- 
site condition, that in which it takes up more than its usual share, is called 
pleonexy-meionexy, indicates a shifting of the reaction in the acid direction,” 
Heart, 1913, v, 45. 

26. Kreiblich: Wien. klin. Wchnschr., 1911, xxiv, 1419. 
27. Rolly: Miinchen. med. Wchnschr., 1912, lix, 1201. 
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mm. carbon dioxid had a ph. of 7.07. The development of acidosis 
in renal disease bears little or no relation to the amount of non-protein 
nitrogen in the blood. The latter may be extremely high without 
signs of marked acidosis being present. This is confirmatory of the 
experiments of Poulton and Ryffel.** Furthermore, the relation is 
slight between the output of phenolsulphonephthalein and the develop- 
ment of acidosis. In several instances the phthalein output had fallen 
to zero some time before evidence of acidosis arose. It is thus only 
after the excretory power of the kidney has been reduced to a mini- 
mum for a somewhat prolonged time that the signs of acidosis begin 
to develop in the blood. Finally there is apparently little relation 
between the occurrence of acidosis in nephritis and that of dyspnea. 
Dyspnea on exertion was observed in some of these cases a long time 
before there was any development of acidosis, and on the other hand, 
at the time when acidosis was present, respiratory disturbance was 
certainly not a prominent feature. Occasionally a type of deep, slow 
respiration is seen, resembling the respiration of typical diabetic 
acidosis. It bears, however, little relation to the type of breathing in 
cardiac dyspnea. It seems thus fair to conclude that in combined 
cardiorenal disease, the dyspnea is essentially a circulatory feature, and 
the renal condition plays an accessory part. 


CARDIAC DYSPNEA 

There are many researches concerning the nature of cardiac 
dyspnea, but comparatively few deal specifically with the nature of 
the stimulus to respiration. Beddard and Pembery** found the car- 
bon dioxid in the alveolar air reduced in decompensated cardias cases. 
They are uncertain whether the stimulus to rapid respiration is chem- 
ical or nervous in origin. Lack of oxygen appeared not to be the 
cause, as the administration of oxygen had little effect. Fitzgerald”® 
also studied the alveolar air in cardiac disease and found values that 
are rather low in most of the causes in which dyspnea is noted. 

A much more extensive study was made by Porges, Leimd6érfer and 
Markovici.*° These authors found that the carbon dioxid in the 
alveolar air in cases of cardiac disease without dyspnea is normal. In 
cases with “dyspnea they found that the tension of alveolar carbon 
dioxid is usually diminished. In a few instances, a normal tension 
was found and this they explain by the presence of an associated 
pulmonary condition, for their observations go to show that in dyspnea 
due to pulmonary disease the tension of alveolar carbon dioxid is 


28. Beddard and Pembrey: Brit. Med. Jour., 1908, ii, 580. 
29. Fitzgerald: Jour. Path. and Bacteriol., 1910, xiv, 328. 
30. Porges, Leimdérfer and Markovici: Ztschr. f. klin. Med., 1913, Ixxvii, 446. 
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increased. The average tension in thirty-six cases of cardiac disease 
without dyspnea was 43.5 mm. if the barometric pressure is assumed 
to be 76.5 mm. The results are given only in percentages. The aver- 
age of thirty-one observations on cases with dyspnea was 33.0 mm. 
Porges assumes that the low carbon dioxid in the alveolar air is the 
result of an abnormal formation of acid bodies and concludes that the 
dyspnea in cardiac disease is due to an acidosis. 

A much more complete study of dyspnea in cardiac and renal 
patients has lately been published by Lewis, Ryffel, Wolf, Cotton and 
Barcroft.*. They call attention to the fact that while patients with 
congenital heart-lesion may have marked cyanosis without dyspnea, 
the majority of patients with definite breathlessness are not particu- 
larly cyanotic. The degree of cyanosis certainly does not correspond 
with the degree of dyspnea, so they conclude that the dyspnea is not 
wholly accounted for by lack of oxygen. In the cases without marked 
cyanosis they believe that. the cause of the dyspnea is a relative acid- 
ity of the blood—an acidity which is not due to excess of carbon 
dioxid. In the cases with deeper cyanosis, the acidosis is an etio- 
iogical factor acting in addition to the lack of oxygen. The group of 
cases in which dyspnea occurred with only slight or moderate cyanosis 
were for the most part those in elderly persons with enlarged hearts, 
with or without valvular disease, often with arteriosclerosis or renal 
involvement. This group they term the “special cases” in contradis- 
tinction to a group of three “cardiac cases.” In only one of the latter 
does the record state that there was “deep cyanosis.” In the other two 
it was said to be “very slight” and “slight or moderate”— descriptions 
also found applied to some of the “special cases.” Studies of the 
oxygen-combining power of the blood showed an acidosis (meionexy ) 
which is more often definitely present in the “special cases.” The 
determinations of the carbon dioxid in the alveolar air fall into two 
groups. In the nine “special cases” the values are below normal. Of 
the two “cardiac cases” one had a normal and one a rather increased 
carbon dioxid. They feel that the meionexy in the “cardiac cases” 
may be accounted for by carbon dioxid, but that in the “special cases” 
it must be due to an increase of non-volatile acids. With a special 
test for the determination of non-volatile acids, they found that all 
the “special cases” gave evidence of an increase, while the two “cardiac 
cases” examined did not. It is to be noted, however, that five of the 
eleven “special cases” showed as little or less increase in non-volatile 
acids than did two of the three “special control cases” which had 
“no dyspnea but little reserve.” The table also shows that this test 


31. Lewis, Ryffel, Wolf, Cotton and Barcroft: Heart, 1913, v, 45. 
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for non-volatile acids does not always run parallel to the depression 
of carbon dioxid tension in the alveolar air. Thus, for example, 
Patient 1 had a lactic acid equivalent of 0.15 per cent. and an alveolar 
carbon dioxid of 26.0 mm. Patient 3, with a lactic acid equivalent of 
0.15 per cent., had an alveolar carbon dioxid of 13.0 mm., and Patient 
5, with a lactic acid equivalent of 0.007 per cent. had alveolar carbon 
dioxid tension of 28.0 mm. Improvement of general conditions with 
lessening of dyspnea in the same case was associated with a diminution 
of the acidosis. Determinations of urea, non-protein mitrogen and 
chlorids in the blood showed that these substances had little relation 
to acidosis. An increase of lactic acid in the blood was present in 
only two terminal cases, and there was no evidence of increase of lactic 
acid in the urine. No connection was found between the acidosis and 
urinary excretion of ammonia or total acid. Since the urine examina- 
tions were negative these authors believe that the “acidosis appears to 
be another instance of the same phenomenon of retention of acids in 
excess of bases which is shown during residence at high altitudes.” 
“During residence at an altitude of 10,000 feet or more the alveolar 
carbon dioxid falls progressively until accommodation is established. 
An excess of non-volatile acid is retained in the blood to compensate 
for this loss of carbonic acid, with the result that the dissociation 
curve of the blood is slightly displaced in the acid direction. The slight 
increase of lactic acid which is observed in the blood is not adequate 
to account for more than a small part of this retention of acid and no 
increase of lactic acid is excreted in the urine, so that this change 
appears to be an instance of the second cause of acidosis, namely, 
altered excretion of acids and bases by the kidney, which is bene- 
ficial at high altitudes, as the pressure of oxygen in the lungs is 
thereby increased.” 


Case 6.—J. W. (medical No. 828), man, aged 37, admitted Feb. 7, 1914. Diag- 
nosis: chronic valvular disease, mitral insufficiency, mitral stenosis, aortic insuf- 
ficiency, auricular fibrillation. This patient had previously been in the hospital 
for the same condition. Five days aiter having been discharged from the hospi- 
tal, the patient was admitted again on account of intense dyspnea, precordial 
pain, and pain in the right hypochondrium. 

There is marked cyanosis of the lips and lobes of the ears. Lungs: negative 
except for a few moist rales at both bases. Heart: left border 17 cm. to the 
left of the midsternal line in the sixth space; right border is 5.5 cm. to the 
right. At the apex there is a blowing systolic murmur following the first sound 
and a faint diastolic rumble. Along the left border of the sternum there is a 
distant blowing diastolic murmur. Pulse is absolutely irregular. Blood-pres- 
sure: systolic 130, diastolic 85. Liver dulness extends from the sixth rib to 
8 cm. below the costal margin. There is tenderness over the liver. No ascites, 
no edema of the extremities. 

February 9: Patient is still slightly dyspneic and there is a little cyanosis 
of lips, ears and fingers. Examination of the heart is essentially as on admis- 
sion. Urine: specific gravity, 1.021; albumin, trace; sediment, rare hyaline cast. 
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February 11: Dyspnea has almost entirely disappeared. Patient complains 
of no subjective symptoms Urine: specific gravity 1.014; albumin, 0; sedi- 
ment negative. 

February 16: Under digitalis the pulse-rate fell to 40 per minute. Since 
then it has increased in rate to 60. Dyspnea has entirely disappeared. 

February 20: Patient was suddenly seized with intense sharp pain, which 
was referred to both lower legs. Subsequent examination showed evidence of 
an embolus of the posterior tibial artery. 

Case 7.—J. T. (medical No. 787), man, aged 16, admitted Jan. 26, 1914, dis- 
charged Feb. 9, 1914. Diagnosis: chronic valvular disease, mitral insufficiency, 
mitral stenosis, auricular fibrillation. This patient has been in the hospital 
twice before. He was readmitted on account of marked dyspnea. 

Physical examination shows considerable cyanosis. Lungs: negative except 
for a few rales in the left axilla, and at each base posteriorly. Heart: left 
border 14 cm. to left of the midsternal line in the fifth space, right border 5 cm. 
to the right in the third space. At the apex both sounds are replaced by mur- 
murs. There is a loud, blowing, systolic murmur transmitted to the left axilla 
and a rumbling diastolic murmur. Toward the sternum in the sixth space there 
is a louder, higher-pitched systolic murmur. The pulmonic second is greatly 
increased. Pulse is absolutely irregular and 96 at the apex. Liver: lower 
border is indefinitely made out 8 cm. below the costal margin in the right nipple 
line. There is great tenderness on pressure over the liver. There is no ascites. 
Slight edema over both shins. Urine: acid; specific gravity 1.025; albumin, 
large trace; sediment, rare hyaline cast. 

January 30: Cyanosis has almost disappeared. Respirations are 14 per min- 
ute. Patient has no dyspnea and feels perfectly comfortable. 

Case 8.—H. N. (medical No. 719), woman, aged 46, admitted Jan. 10, 1914, 
discharged Feb. 7, 1914. Diagnosis: chronic valvular disease, mitral stenosis, 
mitral insufficiency. Patient has had two attacks of rheumatic fever, which 
were followed by heart-trouble. During the last two years she has had three 
breaks in compensation, which compelled her to go to bed. She has been short 
of breath for two years. She is not able to walk a block without getting 
“purple”; has been in bed for three weeks. Orthopnea at night. 

Physical examination: lips, ears and mucous membranes are very cyanotic. 
Heart: left border 16 cm. to the left of the midsternum in the fifth interspace 
and 4 cm. to the right in the fourth interspace. There is a presystolic thrill 
at the apex. The first sound is followed by a systolic murmur which is trans- 
mitted to the axilla. Second sound is scarcely audible and is followed by a loud, 
rough, diastolic murmur ending with a presystolic accentuation. Over the tri- 
cuspid area the systolic murmur is much higher pitched and of different char- 
acter than that heard at the apex. Pulmonic second sound is accentuated. 
Pulse is regular. Lungs: numerous crackling rales on inspiration and expira- 
tion. Abdomen: definite shifting dulness. Liver dulness extends from the 
sixth rib to 5 cm. below the costal margin. There is edema of the legs. Blood- 
pressure, systolic 128, diastolic 80. 

January 11: Patient has marked cyanosis of face and hands. Respiration 
is not rapid. There is no dyspnea while she sits propped up. Examination of 
the heart is as at admission. 

January 29: Patient is sitting up in a chair. There is very little shortness 
of breath and no edema. Lungs are practically clear. 

January 10: Urine, specific gravity, 1.025; albumin, trace; sediment no 
casts, many white blood-cells. Blood hemoglobin: 95 per cent.; red cells, 
4,570,000. 

January 21: Urine, specific gravity, 1.020; albumin, very large trace; sedi- 
ment, rare hyaline cast, many white blood-cells. 

Case 9.—A. M. (medical No. 865), woman, aged 46, admitted Feb. 9, 1914. 
Diagnosis: chronic valvular disease, mitral stenosis, mitral insufficiency, auricular 
fibrillation. The patient had rheumatic fever at 14 years of age. For twelve 
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years she has had heart-trouble, including many periods of broken compensa- 
tion. She was discharged from this hospital Jan. 3, 1914, after a stay of seven 
weeks. Her condition is now about what it was at the previous admission. 
For the last week she has been extremely short of breath, with orthopnea and 
a sense of smothering at night. Abdomen and legs have swollen rapidly. 

Physical examination shows very little cyanosis, but marked dyspnea. Respi- 
ration about 40 per minute. Heart: left border of dulness is 15 cm. to the left 
of the midsternal line in the fifth space; right border is 4 cm. to right. Action 
is absolutely irregular. The first sound at the apex is followed by a loud, harsh 
systolic murmur, and the second is followed by a loud, blowing, diastolic mur- 
mur. At the base both sounds are weak. Lungs: dulness to percussion at 
both bases with some diminution in the intensity of the breath-sounds; a few 
scattered rales. Liver: lower border 3 cm. below costal margin. Liver pulsat- 
ing and very tender. Slight edema of legs. 

Blood : hemoglobin, 97 per cent.; leukocytes, 6,600. 

February 20: Urine, specific gravity, 1.020; albumin, large trace; sediment, 
many casts. 

February 21: Patient feels very much more comfortable. Respiration easier. 
Color is good. Respiration is still rapid. 

February 23: Looks much better. Respiration remains rapid. Blood-pres- 
sure, systolic, 135; diastolic, 80. 

February 24: Urine, specific gravity, 1.018; albumin, slightest possible trace; 
sediment, rare hyaline cast. Phthalein output in two hours, 40 per cent. 

Case 10.—I. J., man, aged 50, admitted Feb. 15, 1914. Diagnosis: acute rheu- 
matic fever, chronic, valvular disease, mitral insufficiency, aortic stenosis (?). 
This patient gives a history of three previous attacks of acute articular rheuma- 
tism. For two years he has been troubled with dyspnea on exertion. He has 
had frequent attacks of what he terms “asthma” at night. When admitted to 
the hospital he had considerable dyspnea. 

There was uo cyanosis. Heart: left border in the sixth interspace is 18 cm. 
to the left of the midsternal line, right border is 3.5 cm. to the right. Action 
is rapid and absolutely irregular. The first sound at the apex is followed by 
a systolic murmur. The pulmonic second sound is accentuated. In the aortic 
area there is a rough systolic murmur, followed by a loud, snapping second 
sound. There is a coarse systolic thrill over the aortic area. Lungs: a few 
rales posteriorly. No emphysema. Liver not enlarged. There is an acute 
inflammation of the joints of the first finger on the right hand. 

February 15: Urine, specific gravity, 1.025; albumin, slightest possible trace ; 
sediment, few hyaline casts. Blood: hemoglobin, 80 per cent.; leukocytes, 13,000. 

February 17: Dyspnea is very much less to-day; no cyanosis. 

February 19: Urine, specific gravity, 1.026; albumin, 0; sediment negative. 

Case 11—M. R. (medical No. 837), man, aged 53, admitted Feb. 11, 1914, 
discharged Feb. 21, 1914. Diagnosis: chronic valvular disease, mitral stenosis. 
The past history has no bearing on the present condition. For three months 
the patient has noticed dyspnea on exertion. This has gradually increased in 
severity unti] at present any slight exertion practically exhausts him. He has 
had no edema. 

On examination there is slight cyanosis of the lips and marked dyspnea, 
although the patient is able to lie flat on his back. Heart: left border 11.5 cm. 
to the left of the midsternal line in the fifth space; right border is at the righ: 
sternal margin. The action is regular. The first sound at the apex is loud and 
snapping, no definite systolic murmur heard. Second sound is distant and fol- 
lowed by a long, rumbling diastolic murmur with presystolic accentuation. Both 
sounds are weak at the base. Lungs: numerous fine, moist rales at both bases 
posteriorly. Liver not enlarged or tender. No edema. 

Urine, specific gravity, 1.010; albumin, trace; sediment, occasional hyaline 
cast. 

Blood, hemoglobin, 105 per cent.; leukocytes, 15,000. 
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The dyspnea disappeared gradually in a few days, and on discharge the 
patient’s respiration was normal except for dyspnea on exertion. 

Case 12.—A. J., man, aged 52, admitted Feb. 17, 1914. Diagnosis: chronic 
myocarditis. There is nothing in the past history of the patient which has any 
relation to the present disease. He was first admitted to this hospital Oct. 31, 
1913, at which time he had very severe dyspnea. The dyspnea had persisted 
for about six weeks. There was no edema. November 11, the phthalein out- 
put in two hours was 55 per cent. He was discharged much improved Novem- 
ber 12. Since his discharge he has become progressively more short of breath, 
and when admitted the second time was dyspneic and had Cheyne-Stokes 
respiration. 

Heart: Left border 18.5 cm. to left of midsternal line in sixth interspace, 
right border 3.5 cm. to right in fourth interspace; action regular; rate 90. At 
the apex the sounds are fairly well audible, and there is a systolic murmur. 
Sounds are distant at the base. Lungs: moderate dulness with diminution in 
intensity of breath-sounds and a few rales at both bases posteriorly. Liver: 
edge felt 7 cm. below the costal margin. It is not tender. Much edema of 
legs. Blood-pressure: systolic, 130; diastolic, 98. 

February 18: Urine, specific gravity, 1.026; albumin, trace; sediment, rare 
cells and granular casts. Blood: hemoglobin, 108 per cent.; leukocytes, 10,200. 
Phthalein output in two hours, 27.0 per cent. 

February 23: The patient has had no cyanosis. He is rather pale. He has 
orthopnea. Cheyne-Stokes respiration has persisted and is rather more marked. 


DISCUSSION OF CASES 6 TO 12 

The number of cases reported here is not large, but the findings 
are all of the same general type and of the same order of magnitude 
as are reported in other analogous studies, so that they represent fairly 
well-recognized types of cases. It is comparatively easy to classify 
them according to the laboratory findings and by such a procedure 
they fall into two main groups. One of these is somewhat analogous 
to the “special” group of Lewis, especially in that the patients show a 
decreased alveolar carbon dioxid. In this series, however, the attempt 
has been made to rule out or take account of any renal element in 
the cases. The second group corresponds more or less to Lewis’ 
“cardiac cases.” Group 1 consists of Cases 6, 7 and 12, in which on 
the whole the highest grade of dyspnea occurred. Cases 6 and 7 are 
certainly as pure cardiac cases as one sees. Patient 12, with a slightly 
decreased phthalein output, probably has some renal involvement and 
arteriosclerosis. This group is characterized by a low tension of the 
alveolar carbon dioxid during the dyspnea period, which is fol- 
lowed by a rise when compensation is regained. The determinations 
of the ph. in the blood, however, show that the actual hydrogen-ion 
concentration of the blood is at or below the low limits of normal. 
Certainly the reaction of the blood does not tend to shift toward the 
acid side, although the considerable drop of the alveolar carbon 
dioxid in the cases makes it probable that there is some increase of 
non-volatile acids in the blood. The urinary ammonia was neither 
relatively nor absolutely increased. In one case there was a mod- 
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TABLE 4—NeEpuritis with Carpiac DECcOMPENSATION 


H-ion Phthalein 
| Non- Concentration | Output in 
Date, Protein of Blood Alveolar | 2 Hours. 
Case 1914 Nitrogen | CO: Normal Remarks 
mg.per | Tension | mm § from 
100c.c. | of CO: | Ph. | 40 to 60 
| in mm Per Cent. 

E. Wisk 2/7 28.9 41.9 7.38 30.9 61.0 Marked cyanosis. 
Dyspnea. Blood- 
pressure, systolic 
130, diastolic 85. 

2/8 308 Dyspnea and cyan- 

osis less, but 
distinct. 

2/9 23.1 428 7.34 Slight cyanosis. 

33.4 7.44 33.6 Much less dysp- 
nea. 

2/10 36.4 Much more com- 

fortable. 

2/11 18.1 44.6 7.44 a Respiration 17. 

37.7 7.51 36.0 

2/12 39.4 Practically no cyan- 

osis or dyspnea. 

2/17 22.1 41.1 

1/26 34.0 42.0 7.50 50.0 Considerable cyan- 

35.0 7.53 34.7 osis. Moderate 
dyspnea. 

1/30 eas 43.5 7.47 41.9 Ee Slight cyanosis. 

Respiration 14. 
No dyspnea. 
1/13 37.8 40.0 Marked cyanosis. 
Respiration quiet 
26. Dyspnea on 
exertion. 

1:14 38.3 

1/15 ek 37.7 

1/16 39.3 

1/19 37.4 

1/20 31.4 39.7 7.45 38.4 

A. M.... 2/19 20.7 | 43.5 7.45 444 ite Very marked 

| dyspnea. Slight 
cyanosis. Respi- 
ration 30, labored. 

2/20 41.5 Very marked dysp- 

' nea. Very slight 
cyanosis. 

Color is normal. 

Still has con- 
siderable dysp- 
nea. 

2/23 | dunk | 423 7.50 41.2 40.0 Respiration still 
rapid, but not 
labored. No 

cyanosis. Blood- 
pressure = sys. 
135, dias. 80. 
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with CarpraAc DecompeNsATION — (Continued) 


Case 


Date, 
1914 


| 
| 
| 


Non- 
Protein 
Nitrogen 
mg. per 
100 c.c. 


H-ion 
Concentration 
of Blood 


Tension 
of co, 


in mm. 


Ph. 


Phthalein 

Output in 

2 Hours. 

Normal 

from 

40 to 60 

Per Cent. | 


Remarks 


Mis 


2/16 


2/17 


| 2/11 
2/12 


2/18 


2/19 
2/20 
2/23 


35.7 


31.0 


442 


42.0 


| 

| 

| 
46.4 | 7.40 

| 

| 

| 


7.44 


44.6 


43.0 7.42 


46.5 


46.7 


35.0 


29.9 
312 
318 


48.0 


49.0 


27.0 


Dyspnea. Respira- 
ration Lies 
flat on back. No 
cyanosis. No 
especial pallor. 

Dyspnea less. No 
cyanosis. Has 
received 6.0 gm. 
NaH CO; since 
yesterday. 


Moderate dyspnea, 
much increased 
by moving. Lies 
flat on his back. 
Slight cyanosis. 

Very little dysp- 
nea or cyanosis. 
Blood - pressure, 
sys. 110, dias. 70. 


Very marked dysp- 
nea and orthop- 
nea. Very slight 
cyanosis. Moder- 
ate Cheyne- 
Stokes respira- 
tion. 

Cheyne - Stokes 
respiration. 

Cheyne - Stokes 
respiration. 

Cheyne - Stokes 
respiration. Has 
been given 
NaHCO. 


erately high hydrogen-ion concentration of the urine (ph. = 4.6) and 
a slight increase of “retained base” which fell as compensation was 


established. 


acidosis. 


The urine, however, showed no evidence of marked 


The second group consists of Cases 9, 10 and 11. These are char- 
acterized by a normal or very slightly increased carbon dioxid tension 
of the alveolar air. In two of the patients there was a tendency of the 
carbon dioxid to fall as compensation occurred. There was not enough 
involvement of the lungs to account for this rise in carbon dioxid 
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on the basis of an interference with respiratory exchange. Cyanosis 
was not marked in any of them. The hydrogen-ion concentration of 
the blood saturated at the tension of alveolar carbon dioxid was nor- 
mal. There was no evidence in either the blood or alveolar-air deter- 
minations of an increase in non-volatile acids in the blood. The rise 
in alveolar carbon dioxid which may possibly be regarded as abnormal 
was compensated, so that reaction of the blood was normal. In other 
conditions a much higher alveolar carbon dioxid may be found with- 
out causing dyspnea. Thus in a case of emphysema the alveolar car- 
bon dioxid tension was 52.6 mm., the ph. of the blood saturated at 
44.0 mm. was 7.56 and saturated at 53.4 mm. was 7.45. The patient 
showed no dyspnea. 

Case 8 was one of mitral stenosis with considerable cyanosis, but 
little dyspnea, except when the patient moved. Both the alveolar air 
and the hydrogen-ion concentration of the blood were normal. Thus 
in the group of cases in which the severest dyspnea occurred, although 
the alveolar carbon dioxid is low, the hydrogen-ion concentration of 
the blood tends to be lower than normal. In spite of the fact that 
there is evidence of some increase of non-volatile acids, the respira- 
tory center is responding to a stimulus that is apparently less than 
normal. The increased formation of non-volatile acids seems to be 
overcompensated by the decrease in carbon dioxid. In the second 
group of cases which showed more moderate dyspnea, the alveolar 
carbon dioxid is somewhat increased, but the hydrogen-ion concentra- 
tion of the blood is normal. There was thus no evidence of an increase 
of non-volatile acids in the blood. 

It is quite striking that in neither group of cases is there any evi- 
dence of a very high grade of acidosis. The same degree of depression 
of alveolar carbon dioxid is frequently seen in other conditions— 
uremia, diabetes—without producing any particularly obvious effect 
on the respiratory center. Thus in one case of diabetes, in which 
there was an ammonia output of 5 gm. in twenty-four hours, the 
alveolar carbon dioxid tension was 32 mm., while in a second case, 
in which there was a similar ammonia output, the carbon dioxid 
tension was only 26 mm. Neither of the patients had any disturbance 
of respiration which was evident on a routine clinical examination. 

The degree of cyanosis makes it improbable that lack of oxygen 
is an important factor in the direct stimulus to this type of dyspnea. 
Since, then, there is apparently no very great change in the nature 
of the stimulus, one must seek some other condition which may play 
a part in causing this profound change in respiration. It is of course 
possible that the underlying factor is some as yet unknown sub- 
stance which affects the stimulus. We have, however, already seen 


260 THE ARCHIVES OF INTERNAL MEDICINE 


that in considering the mechanism of the control of respiration, it is 
necessary to take into account not only the stimulus to respiration, but 
also the excitability of the respiratory center. Porges*® discards this 
latter factor, as he says that even Hasselbalch calculates that hyper- 
excitability of the respiratory center would not practically produce a 
fall in the alveolar carbon dioxid tension of over 5 mm. In the second 
group of cases, however, there is no fall in the alveolar carbon dioxid, 
and no especial change in the ph. of the blood so that here the theory 
of a hyperexcitability is quite tenable. In the first group of cases there 
is certainly evidence of some acidosis, not such a degree as would 
greatly affect the respiration normally, but one which, in the pres- 
ence of a hyperexcitable respiratory center, might produce much more 
marked change in breathing. 

There is nothing inherently untenable in the conception of a vari- 
able excitability of the respiratory center. Variations in the excita- 
bility of all nervous mechanisms are continually seen in both physio- 
logical and pathological conditions. Indeed, it is almost impossible to 
imagine the excitability of the controlling center of any physiological 
mechanism as being a constant. The experimental studies showing 
variations in the excitability of the respiratory center have already 
been referred to. It is certainly much more than probable that similar 
and perhaps greater variations may exsist under pathological condi- 
tions. Moreover, certain simple clinical facts point to the existence 
of such variations in decompensated heart-disease. Thus the dyspnea 
produced by moderate exertion can hardly be the result of a change 
in the stimulus alone. Similarly morphin, one of the most definite 
effects of which is to depress the excitability of the respiratory center, 
is certainly the most efficient drug in the control of cardiac dyspnea. 
A general consideration of the clinical facts and laboratory findings 
makes it highly probable that, while in some cases of cardiac dyspnea 
the stimulus to respiration is increased by the production of a mod- 
erate grade of acidosis, another important causative element is an 
increase in the excitability of the respiratory center. 

It is hardly possible at present to offer an adequate explanation of 
the cause of an increase in excitability of the respiratory center. 
If, as Lindhard’ considers to be proved, a diminution of oxygen ten- 
sion increases the excitability of the center, one might consider that 
with a slowing of the circulation due to cardiac insufficiency the 
oxygen tension in the respiratory center becomes decreased, and the 
center becomes hyperexcitable so that it responds to a lesser stimulus 
than normally and more actively to a given stimulus. In very severe 
cases of cardiac insufficiency with a greater slowing of blood-flow there 
would be, added to this factor, a change in the stimulus itself due to 
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the passage into the blood of acid substances—the partially oxidized 
products of metabolism. In a similar way, renal disease would be a 
contributing factor in the causation of dyspnea, for as soon as the 
kidney begins to fail in its function of acid excretion, the regulatory 
mechanism controlling the constancy of blood-reaction is upset, and 
there will be a tendency to call on the respiration to counteract the 
threatened acidosis. Haldane and his associates® have lately laid much 
stress on the fundamental function of the kidney in replacing the 
hydrogen-ion concentration of the blood and thus of indirectly influ- 
encing respiration. In so-called “cardiorenal” disease, the weakening 
of the myocardium would produce less adequate, slower circulation. 
One result would probably be an increased excitability of the respira- 
tory center due to diminished oxygen tension in it. A second result 
would be an interference with renal excretion (as shown by the 
decreased output of phthalein during the period of decompensation) 
and the tendency to retain acids in the blood. The resulting acidosis 
while not necessarily of a grade to affect respiration in a normal 
person, may produce profound dyspnea in a patient with a weak heart. 
In cases of pure cardiac disease with decompensation and slowing of 
the circulation the lowered oxygen tension would increase the excita- 
bility of the respiratory center, and in more severe failure of the heart 
with the production of passive congestion there will be a temporary 
upset of renal function in the same way, although perhaps in a less 
degree than when kidneys are themselves organically diseased. Thus 
in simple cardiac disease, failure and slowing of the circulation may 
cause a disturbance in renal excretion, as well as an incomplete oxida- 
tion of abnormal acids. Both of these tend to produce an acidosis. 
The resulting change in the stimulus to respiration, even if it is slight, 
when acting on a respiratory center rendered hyperexcitable by an 
inadequate blood-flow, may well cause dyspnea. 

In a somewhat similar manner Boothby** has recently suggested 
a slowing of the blood-flow as an explanation of the unusual condition 
of hyperpnea after forced respiration. He believes that the slowing 
may bring about a condition of oxygen-want, and in consequence, 
the presence of lactic acid or some similar exciting substance, which, 
in conjunction with the carbon dioxid, keeps the respiratory center 
excited so that the normal apnea does not appear. The only essential 
difference between this theory and the one put forward above is as 
to whether the oxygen-want resulting from an inadequate circulation 
shall be regarded as acting directly on the respiratory center by 
increasing its excitability, or as causing the presence of partially 
oxidized substances in the blood which are themselves added to the 


32. Boothby: Jour. Physiol., 1912, xlv, 328. 
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stimulus to respiration. It is to be remembered that in the cases of 
dyspnea studied by Lewis,” only a very slight increase in the lactic 
acid content was found, in other than moribund patients. 

The direct determination of the excitability of the respiratory 
center under pathological conditions is planned as the next step in 
this investigation. It is quite possible that the excitability of the 
respiratory center may be an index of the functional adequacy of 
the circulation. 

CONCLUSIONS 

The mild grade of acidosis which is often associated with uncom- 
plicated chronic nephritis is compensated for by the increased excre- 
tion of acids by the kidney. 

It is only in uremia and usually only in very advanced uremia that 
non-volatile acids accumulate in the blood in an amount sufficient 
to cause depression of the tension of carbon dioxid in the alveolar air. 

In the terminal stage of uremia there may be a high grade of 
acidosis. 

The development of acidosis bears little relation to the accumula- 
tion of non-protein nitrogen in the blood or to the output of phenol- 
sulphonephthalein. Determinations of both of these may show extreme 
abnormalities before any marked degree of acidosis develops. 

The development of acidosis is not the direct or sole cause of 
dyspnea associated with cardiorenal disease. A high grade of acidosis 
may exist without causing a change in respiration which is evident 
on the ordinary clinical examination. 

In some cases of cardiac disease accompanied by dyspnea there is 
evidence of a slight accumulation of non-volatile acids in the blood. 
In other cases there is no evidence of such an accumulation. 

The tension of the carbon dioxid in the alveolar air is normal or 
very slightly increased. 

The hydrogen-ion concentration of the blood remains normal. 

In neither group of cases is the degree of acidosis sufficient to 
account for the dyspnea on the basis of an increase in the stimulus to 
respiration alone. 

It seems probable that an important factor in the causation of 
dyspnea in cardiac disease is an increase in the excitability of the 
respiratory center. Such a change in excitability may well be caused 
by a lowering of the oxygen tension, and be dependent on an inade- 
quate blood-flow. 

I wish to express my gratitude to Miss B. I. Barker for her unfailing 
assistance in carrying out much of the analytical work on which this paper is 
based. 


CLINICAL AND METABOLISM STUDIES IN A CASE OF 
MYOTONIA CONGENITA—THOMSEN’S DISEASE * 


JACOB ROSENBLOOM, M.D., Px.D., ann BENSON A. COHOE, M.B. 
PITTSBURGH 


I, INTRODUCTION 


ln this paper we present the clinical history of a case of myotonia 
congenita together with a metabolic study of the patient. The clinical 
side of the disease has been well summarized and the literature 
reviewed by Hale White.* Therefore we shall comment only on those 
features of the condition brought out by our metabolism study. 


II. CLINICAL HISTORY OF CASE 


Patient.—G. M., Austrian, male, single, aged 22, was admitted to the medi- 
cal service of St. Francis Hospital, Aug. 12, 1912, complaining of stiffness and 
cramps in the muscles on first attempting movements. 

Present Iliness—The present condition was first noticed by the patient at 
the age of 12 while a student at the gymnasium. At that time he became con- 
scious of a stiffness about the knees and legs, and found that he could not take 
so active a part in the games as formerly. He experienced difficulty in walk- 
ing, especially in going up and down stairs. This condition persisted with vary- 
ing degrees of intensity until the age of puberty, when it became more severe 
and more generalized. During that period he found difficulty in speaking, in 
opening his jaws, in flexing his hand after making a fist, in protruding his 
tongue, and in extending his legs after flexion. Accompanying this stiffness 
there was a feeling of undue fatigue following any exertion, although generally 
at the beginning of any exercise he felt as strong as his fellows. A short rest 
would restore him to normal strength. The cramps were most pronounced 
when any movement was attempted while he was at rest. The repetition of any 
movement rendered it less difficult, and after a few attempts the stiffness 
would disappear and the movement become easy to perform except for the 
muscle fatigue which followed. The patient thinks that within recent years 
he has partially outgrown his trouble, and states that the condition is now less 
generalized, being at present largely confined to the hamstring muscles of the 
thigh and to the muscles of the arm, forearm and fingers. The ensuing fatigue 
is also less marked. He has still at times some uncertainty in walking, which 
he describes as a feeling that his knees are going to give way. There is always 
difficulty in starting to walk. He also complains of a pain which has the nature 
of a dull ache passing up and down his legs, most noticeable behind the knees. 
There is more or less general pain, which he refers to the regions of the larger 
joints of the body. When at rest all of his pain disappears. At times he 
becomes very irritable and nervous, especially at night, when he sometimes 


* Submitted for publication, Feb. 24, 1914. 

*From the Wards of St. Francis Hospital and the Biochemical Laboratory 
of the University of Pittsburgh. 

*A preliminary account of this study was published in Proc. Soc. Exper. 
Biol. and Med., 1913, x, 136. By mistake the title reads “myotonia atrophica,” 
instead of “myotonia congenita.” 

1. White, Hale: Guy’s Hosp. Rep., London, 1889, xlvi, 329 (contains good 
bibliography) ; Allbutt and Rolleston’s System of Medicine, London, 1910, vii. 
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shakes all over. He has been under the care of physicians since the onset of 
his trouble, but has never obtained any benefit from treatment. 

Family History.—The patient knows little concerning his ancestors, and was 
unable to give any satisfactory account of a similar condition existing in his 
family save in the paternal grandfather, who was troubled with similar cramps 
in his hands, having the same difficulty in opening up his hand after flexing 
his fingers. The father died during the patient’s infancy. One aunt was nerv- 
ous and had a tremor. 

Past History—The patient was born in Austria, and lived there until com- 
ing to America two years ago. As a child he had the usual diseases of child- 
hood; otherwise he was always fairly healthy. He has been subject to fre- 
quent attacks of headache for years, and occasionally has ringing and buzzing 
in the ears. For about three years he has been obliged to wear glasses; he 
says that he is unable to read small print or to read in the presence of bright 
sunlight. He takes cold readily and has had frequent attacks of tonsillitis. 
At times he has shortness of breath and palpitation following exertion and is 
occasionally conscious of a dull pain over the precordium, which he describes 
as a feeling of tightness as though a vise were pressing on his heart. He denies 
venereal infection, and has noticed a hard mass on his right testicle for the 
past two years. He works as a baker, and takes about three glasses of wine 
a day and an occasional beer. He smokes moderately, has a fair appetite, eats 
regularly and sleeps poorly. 

Present Condition ——The patient is a rather pale, but fairly well-nourished 
young man, with intelligent expression; he weighs about 147 pounds. The skin 
is moist and of normal color. The mucous membranes are pale. The pupils 
are equal, regular, somewhat dilated, and react well to light and accommodation. 
The sclerae are clear and palpebral slits equal. There is no hemianopsia. On 
extreme outward rotation of the eyeball there is a slight but distinct lateral 
nystagmus. The eyegrounds are negative on ophthalmoscopic examination. 
The nasolabial folds are equal. The tongue is protruded in the midline. The 
thyroid is not enlarged. A few posterior cervical glands are just palpable. 
The thorax is well formed; expansion good and equal. Lungs are negative. 
Cardiac dulness is normal. The heart sounds at apex are somewhat muffled ; 
no murmurs. Shortly after admission to hospital a few extrasystoles were 
noted, but these later disappeared, and the rhythm became regular. The 
pulse is 72 to the minute, good in force and volume. The vessel wall is not 
thickened. The abdomen is natural and walls everywhere soft; abdominal 
reflex active, spleen and kidneys not palpable and hepatic dulness normal. There 
is a hard mass connected with the right testicle; genitalia otherwise normal. 
Over anterior tibial surfaces are some pigmented areas. There are no peri- 
osteal nodes. Some hyperesthesia of soles is present. There is no glandular 
enlargement. Epitrochlears are not palpable. 

The knee-jerks are almost completely abolished. (This reflex, although 
frequently tested, was obtained only twice during the patient’s stay in the 
hospital.) The biceps and triceps reflexes cannot be elicited; Babinski negative. 

The special senses of hearing, taste and smell are normal. Tactile sensa- 
tion is good over entire body. Stereognosis and joint sense are normal. 
Patient writes well. There is no scanning speech or other speech defect, 
except for an occasional slurring of the r’s. The gait is negative but there is 
always difficulty in starting. Romberg negative. 

Muscular System—There is everywhere good muscular development, and 
in certain parts of the body some muscle groups, as the biceps brachii and 
pectorals suggest an appearance of hypertrophy. The muscular force, how- 
ever, s¢éems weak in proportion to the size of the muscles. All voluntary move- 
ments of the muscles are difficult for the patient to perform, owing to the stiff- 
ness present. Any attempt, after a rest period, to use a group of muscles causes 
a tonic contraction of these muscles, and it is impossible for him to relax these 
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for a period of from ten to twenty seconds. All of the muscles are more or 
less involved, but the stiffness and tonicity following contraction are most 
marked in the hamstring muscles of the leg and in the muscles of the arm 
and forearm. When he clenches his first he is unable to open his hand for a 
period of several seconds. It is also difficult for him to start walking. All 
movements of the arm are done slowly and cause cramps which the patient refers 
to the region of the joints. He says that there is no pain in the muscles, only 
a sense of fatigue. There is some slight difficulty in opening his jaws, in pro- 
truding the tongue, and in opening the eyelids. The facial muscles are also 
slightly involved. The hand grip is weak. The interossei are but little affected, 
the patient being able to write quite well. The tonicity becomes most marked 
when the patient suddenly attempts to perform any energetic movement. 

The muscles show the condition of exaggerated mechanical excitability 
characteristic of myotonia. Tapping the pectoral or other muscle groups pro- 
duces a slow tonic contraction of the muscle, persisting for several seconds, 
and at the point of stimulation a tumor-like mass protrudes, giving rise to a 
localized bifurcation of the muscle from its origin to insertion. 

The essential myotonic reaction can also be demonstrated in the altered 
electrical excitability. Stimulation of the muscle with a strong faradic cur- 
rent causes a prolonged tonic contraction. A weak faradic stimulation also 
gives rise to a prolonged contraction. 

The examination of the blood showed only a secondary anemia, with red 
blood-cells, 4,300,000; white blood-cells, 7,000; hemoglobin (Sahli), 60 per cent. 
The differential count showed no material deviations from the normal. The 
routine examination of the urine was negative except for the presence of 
many triple phosphate cystals in the sediment. A Wassermann test and a tuber- 
culin test both yielded negative results. 

The patient left the hospital, Dec. 10, 1912, showing no material change in 
his condition from that found on admission. 


Ill, REVIEW OF LITERATURE OF METABOLISM STUDIES IN VARIOUS 
NEUROMUSCULAR CONDITIONS 

Rosenthal? found a lessened excretion of creatinin in a case of 
progressive muscular atrophy. Weiss,’ in three cases of pseudohyper- 
trophic muscular dystrophy, found a lessened creatinin excretion. 
Langer* also observed a lessened creatinin excretion in this disease, 
Jakubowitsch,® in two cases of pseudohypertrophic muscular dys- 
trophy, found a low creatinin, urea, uric acid and chlorid excretion. 
MacLeod,® on the contrary, found no change in the metabolism of 
these substances in progressive muscular atrophy or in pseudohyper- 
trophic paralysis. 

The above-mentioned studies on creatinin excretion were carried 
out before the introduction of Folin’s method for estimation of 
creatinin, and the old method of Neubauer, with or without Salkowski 
modification, was used for estimating creatinin. Another criticism of 

2. Rosenthal: Handbuch der Diagnose und Therapie der Nervenkrankheiten, 
Erlangen, 1870. 

3. Weiss: Wien. med. Wehnschr., 1877, p. 701; 1883, p. 613. 

4. Langer: Deutsch. Arch. f. klin. Med., 1883, xxxii, 395. 

5. Jakubowitsch: Neurol. Centralbl., 1884, p. 279. 

6. MacLeod: Jour. Physiol., 1900, xxvi, Proc. Physiol. Soc., p. 7. 
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these results is that the patients were not on creatin-free or creatinin- 
free diets and the weight of the patient was not considered except 
in MacLeod’s case. 

Spriggs,’ however, in a case of pseudohypertrophic dystrophy, on 
a creatin-free diet, found the creatinin excretion to be about one-half 
the normal, and the percentage of nitrogen excreted as creatinin on an 
ordinary diet was also less than normal. Spriggs* also observed a 
decreased creatinin excretion in two cases of progressive muscular 
atrophy, in myasthenia gravis, and in amyotonia congenita. 

In Spriggs’ two cases of progressive muscular dystrophy the 
amount of creatinin in the urine was small and the diminution was 
proportional to the muscular wasting. In the case of amyotonia con- 
genita the excretion of creatinin was also low, while in the case of 
myasthenia gravis the creatinin was diminished in lesser degree. He 
found that in all of these cases the excretion of uric acid was normal. 

Bookman,° in a case of idiopathic osteosathyrosis with muscular 
atrophy and weakness, found in a six-day metabolism study that the 
patient had a positive balance of nitrogen (10.79 gm.), of sulphur 
(0.9 gm.) and of phosphorus (0.55 gm.), while a negative balance of 
magnesium oxid (0.183 gm.), and calcium oxid (4.94 gm.) was 
obtained. The creatinin coefficient was 6.5 mg. per kilogram weight 
and from 2.4 to 3 per cent. of the total nitrogen of the urine was 
excreted as creatinin-nitrogen. This amount of creatinin is consider- 
ably below the normal. 

Mueller’® found, in a case of progressive muscular atrophy, an 
increased excretion of sulphur and calcium, which he thought was 
due to a secondary atrophy of the bones. Pemberton," in a case of 
myasthenia gravis found the creatinin excretion to be normal in 
amount but in relation to the percentage of total nitrogen excreted it 
was rather low (1.67 per cent.). He also observed a marked loss of 
calcium, for in a six-day period the patient had a negative calcium 
balance of 8.89 gm. with a positive nitrogen balance of 16.6 gm. 
Pemberton,”* in a case of myotonia atrophica, found in a five-day 
period that the patient had a positive nitrogen balance of 28.26 gm. 
and a negative calcium balance of 0.566 gm. There was also a less- 
ened amount of creatinin excreted in the urine. 


7. Spriggs: Biochem. Jour., 1907, ii, 206. 
8. Spriggs: Quart. Jour. Med., 1907, i, 63. 
9. Bookman: Tue Arcuives Int. Mep., 1911, viii, 675. 
10. Mueller: Habilitatschr., Wiirzburg; abstr., Arch. f. Verdauungskr., 1897, 
iii, 282. 
11. Pemberton: Am. Jour. Med. Sc., 1910, cxxxix, 816. 
12. Pemberton: Am. Jour. Med. Sc., 1911, exli, 253. 
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Diller and Rosenbloom” have studied the metabolism in a case of 
myasthenia gravis for a period of eight days. The nitrogen metabol- 
ism and urinary nitrogen partition, the sulphur metabolism and urin- 
ary sulphur partition, calcium and magnesium, phosphorus and fat 
metabolism was studied. The creatinin, uric acid and neutral sulphur 
excretions were decidedly less than normal. A considerable loss of 
calcium was found and the addition of 300 gm. of egg-yolk to the diet 
caused phosphorus retention, not accompanied by retention of either 
calcium or magnesium. The fat metabolism was normal. 

Gittings and Pemberton" found no evidence of marked disturbance 
of calcium metabolism in a case of amyotonia congenita, in a boy of 
21 months. They found a very low creatinin elimination, the average 
being daily 0.0166 gm., the creatinin coefficient 1.66 mg. per kilogram 
body-weight, while control cases of normal children showed a creatinin 
elimination of about 0.08 gm. 

Findlay** in a case of myotonia found a creatinin coefficient which 
varied from 11 to 14 mg., which is rather high. The amount of 
creatinin excreted was from 1.8 to 2.3 gm. per day, while creatin 
was absent on a creatin-free diet. 


IV. METABOLISM METHODS 
During the entire experiment the patient received daily the Folin 
diet,’ consisting of : 


The mixture’? was prepared fresh every day and portions taken out 
for analysis. The ammonia, total nitrogen, urea, creatin and creatinin 
were estimated in the fresh urine, the other constituents were esti- 
mated at the end of the experiment. 

1. Methods Used in Urine Analysis.—The nitrogen was estimated 
according to Kjeldahl, the ammonia by Folin’s'* method, the total sul- 


13. Diller and Rosenbloom: Am. Jour. Med. Sc., 1914 (in preparation). This 
paper also contains a detailed discussion as regards the influence of the internal 
secretory organs on the metabolism of calcium. 

14. Gittings and Pemberton: Am. Jour. Med. Sc., 1912, exliv, 732. 

15. Findlay: Quart. Jour. Med., 1912, v, 495. 

16. Folin: Am. Jour. Physiol., 1905, xiii, 45. 

17. This diet was started November 20; the collection of excreta started 
November 22. The feces were marked off by means of carmin into periods 
of three days each. 

18. Folin: Ztschr. f. physiol. Chem., 1902, xxxvii, 161; Am. Jour. Physiol., 
1903, viii, 330. 
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phur by Benedict’s’® method, total and ethereal sulphates by Folin’s*° 
method, the inorganic sulphates computed by subtracting the ethereal 
sulphates from the total sulphates and the neutral sulphur computed 
by subtracting the total sulphates from the total sulphur. Urea was 
estimated by Benedict’s** method, total phosphorus by the Neumann** 
method, weighing the phosphorus as magnesium pyrophosphate, the 
total phosphates by titrating with uranium acetate solution, the earthy 
phosphates by titrating the precipitate produced by the addition of 
ammonia to a portion of the urine, with uranium acetate solution. 
Creatinin and creatin were estimated by Folin’s*® method, uric acid 
by the Kruger-Schmidt*® method. Chlorids by the Volhard-Arnold 
method, calcium and magnesium by McCrudden’s** method. 

2. Methods Used in Analysis of Food—Nitrogen by Kjeldahl 
method. Total sulphur by Wolff and Osterberg*® modification of 
Benedict’s method. Calcium and magnesium by McCrudden’s method 
after ashing and extracting the ash with hydrochloric acid. Phos- 
phorus by Neumann method. Fat was estimated in four-day periods 
by Soxhlet extraction. 

3. Methods Used in Analysis of Feces—Nitrogen by Kjeldahl 
method. Sulphur by oxidizing with fuming nitric acid followed by 
Benedict’s method. Phosphorus by Neumann method. Calcium and 
magnesium by same method as used for food. Fat by the Kumagawa 
and Suto** method. The accompanying tables contain the data obtained 
in this study. 

DISCUSSION OF TABLE 1 


One of the great advantages in using the Folin diet for metabolism studies 
is the fact that the results found can be compared with the normal values that 
Folin obtained with this diet. In twelve days this patient lost 20.02 gm. of 
nitrogen, while the absorption of nitrogen and the urinary nitrogen portion 
(urea, ammonia, creatinin, uric acid and undetermined nitrogen) are perfectly 
normal in character. 

One striking result found is the normal amount of creatinin excreted by 
this patient. One would think that if creatinin excretion depends on the 
muscular efficiency of an individual, as has been claimed by Shaffer,” our patient 
would show a lessened excretion of creatinin. It is to be remembered that 
the creatinin excretion is practically constant, on the same diet, from day to 
day, for each individual, although varying with the individual. It has been 
claimed that the main factor which influences the creatinin excretion is the 

19. Benedict: Jour. Biol. Chem., 1909, vi, 363. 

20. Folin: Am. Jour. Physiol., 1905, xiii, 51; Jour. Biol. Chem., 1906, i, 131. 

21. Benedict: Jour. Biol. Chem., 1911, viii, 405. 

22. Neumann: Ztschr. f. physiol. Chem., 1902-03, xxxvii, 129; 1904-05, xliii, 35. 

23. Kruger-Schmidt: Ztschr. f. physiol. Chem., 1905, xlvi, 1; Jour. Biol. 
Chem., 1909, vii, 27. 

24. McCrudden: Jour. Biol. Chem., 1911, x, 187. 

25. Wolff and Osterberg: Biochem. Ztschr., 1910, xxix, 429. 

26. Kumagawa and Suto: Biochem. Ztschr., 1908, ix, 337. 

27. Shaffer: Am. Jour. Physiol., 1908-09, xxiii, 1. 
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absolute amount of muscle tissue present in any individual, while the amount 
of muscular activity” is by itself without any effect. Therefore, we might con- 
clude that the muscles in myotonia congenita are not degenerated and that the 
increase in size of the muscles may be a true hypertrophy, produced by the 
excessive work needed to overcome the spasm, as has been suggested by 


Knoblauch.” 
Creatin was absent from the urine except on December 3, after the addition 
of 300 gm. of egg yolk on December 1 and 320 gm. on December 2. 


It is possible that the methyl radicles present in the lecithin and 
kephalin of egg-yolk may have been the precursors of the creatin 
excreted on this day. 

We would like to point out that in the present method for esti- 
mating creatin by converting it into creatinin and then considering 
the increased creatinin reading as due to creatinin formed from 
creatin, there are several sources of error. Some of these have been 
studied by Rose.*® A more accurate method to show the presence of 
creatin would be to use some method which would allow the recog- 
nition of creatin as such. 

The new diacetyl method of Walpole** would seem to fill this need, 
as it reacts to creatin and not to creatinin. One of us (R.) hopes to 
study by this new method the presence of creatin in the urine in acute 
fevers, exophthalmic goiter, muscular paralyses and during puer- 
perium, while the uterus is involuting. 

Creatin is not found in normal urines, on a creatin-free diet, and 
when endogenous creatin appears in the urine, some maintain that it 
is an evidence of a rapid loss of muscle-protein. According to this 
theory the absence of creatin in our case also speaks against there 
being any degenerative changes in the muscles in this disease. 


DISCUSSION OF TABLE 2 


The sulphur metabolism of this individual may be considered normal in 
character. In a period of ten days 0.9 gm. of sulphur was lost by our patient. 
The urinary sulphur partition (total sulphates, ethereal sulphates, inorganic 
sulphates and neutral sulphur) is normal. 


DISCUSSION OF TABLES 3 AND 4 


This patient in the metabolism period of ten days had a positive phosphorus 
balance of 1.5 gm., showing that during a time of nitrogen loss, phosphorus 
was retained. The amount of earthy phosphates and total phosphates may be 
considered normal in character. 

A striking result in the dtudy of the mineral metabolism of this case of 
myotonia congenita is the large loss of calcium from the body. In this meta- 
bolism study of ten days 4.09 gm. of calcium oxid and 0.56 gm. of magnesium 


28. Shaffer: Am. Jour. Physiol., 1908, xxii, 445; Von Hoogenhuyze and 
Verploegh: Ztschr. f. physiol. Chem., 1905, xlvi, 415; Pekelharing and von 
Hoogenhuyze: Ztschr. f. physiol. Chem., 1910, Ixiv, 262. 

29. Knoblauch: Miinchen. med. Wehnschr., 1908, Ivii, 1560, 1903. 

30. Rose: Jour. Biol. Chem., 1912, xii, 73. 

31. Walpole: Jour. Physiol., 1911, xlii, 301. 
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oxid was lost. Pemberton” found that his patient with myotonia atrophica 
lost in a five-day period 0.56 gm. of calcium. This loss of calcium occurred in 
spite of the large amount in excess of this element in the diet. Towle” found 
that 0.014 gm. of calcium oxid per kilogram of body weight is the daily require- 
ment for this substance. Renvall™ has found that an adult man required 
0.98 gm. of calcium oxid per day. Our patient received on an average 2.87 gm. 
of calcium oxid per day or 0.045 gm. of calcium oxid per kilo. Therefore in 
our patient we have a condition whereby, although a large excess of calcium 
is taken in, for some reason he is not able to retain this substance. It was 
hoped that by feeding an extra amount of phosphorus a retention of calcium 
might be induced. Although the phosphorus was retained there was no 
improvement as regards the retention of calcium.” 


TABLE 3.—Tue Catctum, MaGNestum,— 


Urine 


Earthy Phos- Total Phos- 
phates as phates as 
Phosphorus Phosphorus 


Pct.* 


1.50 
1.20 
1.31 
1.62 
1.57 
1.58 
1.62 
1.65 
1.92 
1.58 
1.55 
2.62 
1.94 


* Of total phosphorus. 


It has long been known that the inorganic ions play a most important part in 
the normal action of muscle. May it not be that the disease “myotonia con- 
genita” owes its origin to the fact that some abnormality is present preventing 
the normal metabolism of these substances, especially calcium? In favor of 
this hypothesis the work of Ringer and Sainsbury” may be cited. The so-called 
myotonic type of contraction of muscle found in myotonia congenita has been 
produced by Ringer and Sainsbury by transfusing the muscles of frogs with 


32. Towle: Am. Jour. Med. Sc., 1910. cxl, 100. 

33. Renvall: Skandin. Arch. f. Physiol., 1904, xvi, 94. 

34. After the completion of this work the communication of Dubois and 
Stolte (Jahrb. f. Kinderh., 1913, lxxvii, 21) was noted. They found that infants 
showed gains in the retention of calcium when the food yielded an excess 
of alkali or its equivalent of carbonate of sodium and potassium were added to 
the usual dietary. Dr. Rosenbloom hopes to study this point in adults. 


35. Ringer and Sainsbury: Brit. Med. Jour., 1884, ii, 114. 


| | | | | | 
| | | Cal- Mag- 
| Chlo- cium nesium 
Total rin Oxid Oxid 
Phos- 
| phorus | 
Date | gm. | Pect.* gm. | gm. gm. | gm. 
11/22 | 0.68 45.3 | 69 | O87 | 034 
11/23 | 0.76 63.3 | 71 | 085 0.30 
11/24 0.70 53.4 9.0 0.73 0.35 
11/25 0.70 43.2 | 8.0 0.88 0.37 
11/26 0.65 41.4 8.5 0.87 0.37 
11/27 | 071 45.0 | 8.0 0.75 0.36 
11/28 | 0.56 34.6 82 | 072 | O31 
11/29 0.47 235 | 84 | 079 | 0.32 
11/30 | 0.80 41.6 | 84 084 | 0.34 
12/1 | 0.90 57.0 7.1 0.76 | 022 
a? | 0.63 40.7 | 78 0.82 0.44 
12/3 | 0.70 26.7 | 49 0.74 0.23 
12/4 | 0.60 30.9 32 0.86 0.27 
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sodium phosphate after the motor end-plates were paralyzed by curare.” On 
the basis of these experiments it has been claimed that this disease is due to 
some fault in muscular metabolism, that the catabolism is at first increased 
and that there is some delay in the removal of waste products. May it not be 
that the calcium ion plays an important part in the removal of waste products 
arising during muscular action? 

The disturbance in the calcium metabolism might also be explained on the 
basis of some lack in the function of certain internal secretory organs. 
McCrudden™ found that improvements in the symptoms of osteomalacia, fol- 
lowing castration, were accompanied by calcium retention, whereas there had 
been a loss before. Also, it has been found that injections of epinephrin™ have 
been of value in osteomalacia and in rickets, which could be explained on the 


—PHOSPHORUS AND CHLORIN METABOLISM 


Cal- 
cium 
Oxid 


gm. 


Feces Intake Balance 
Mag- Cal- Mag- Cal- Mag- 

Phos- nesium cium nesium Phos- cium nesium Phos- 
phorus Oxid Oxid Oxid phorus Oxid Oxid phorus 
gm. gm. gm. gm. | gm. gm. gm. gm. 
1.1 0.10 2.90 0.35 2.6 —0.35 —0.05 +0.3 
1.1 0.10 2.86 0.36 2.6 —0.27 —0.09 +0.18 
1.1 0.10 2.80 0.36 28 —0.48 —O0.11 +0.08 

1.3 0.11 2.90 0.32 24 —0.12 —0.10 —0.52 
1.3 0.11 2.94 0.32 2.4 —0.15 —0.11 —0.55 
1.3 0.11 2.82 0.40 24 —0.32 —0.05 —0.82 
1.5 0.13 2.82 0.40 24 —0.54 +0.05 —0.68 
1.5 0.13 2.64 0.42 5.2 —0.78 —0.15 +2.15 
1.5 0.13 2.92 0.42 5.1 | —0.42 +0.06 +1.0 
1.5 0.13 2.80 0.39 2.3 | —0.66 —0.01 —1.14 


basis of the findings of Carnot and Slavu,” who found that, after subcutaneous 
injections of dogs with epinephrin, ossification was much greater than in 
controls. 
Vv. SUMMARY 
1. In a metabolism experiment of thirteen days’ duration on a case 
of myotonia congenita, we have found that the patient lost 20.02 gm. 
of nitrogen, while the urinary nitrogen partition (urea, ammonia, 


36. Panzini (Semaine Méd., 1908, p. 175) claims that the muscles of new- 
born mammals, the normal muscles of the toad and muscles poison by veratrin, 
digitalin, hellebore, oxalic acid and sodium salts, gives a myotonic reaction. 

37. McCrudden: Am. Jour. Physiol., 1905, xiv, 211; 1906, xvii, 211. 

38. Bossi: Centralbl. f. Gynak, 1907, xxxi, 1560; Stocker: Schweiz. Corr-Bl. 
f. Aerzte, 1909, xxxix, 433. 

39. Carnot and Slavu: Compt. rend. Soc. de biol., 1910, xlviii, 832. 
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creatinin, uric acid and undetermined nitrogen) was normal in char- 
acter. Creatin was absent from the urine except after the administra- 
tion of 620 gm. of egg-yolk. 

2. In a period of ten days 0.9 gm. of sulphur was lost, while the 
urinary sulphur partition (total sulphates, ethereal sulphates, inor- 
ganic sulphates and neutral sulphur) is normal in character. 

3. In a period of ten days the patient had a positive phosphorus 
balance of 1.5 gm., showing that during a time of nitrogen loss, 


TABLE 4.—Tue Fat 


Intake of Fat in Percentage 
Period Fat | Feces Percentage 
gm. gm. Absorbed 
11/23-11/26 500.8 55.5 90.1 
11/27-11/30 548.5 49.9 90.9 
12/ 1-12/ 4 | 745.0 76.2 89.8 


Table 4 shows the fat metabolism to be normal in character, with an absorp- 


tion of about 90 or 91 per cent. of the ingested fat. 


TABLE 5.—SumMaAry or Metapotism Data 


| Intak Output Balance 
Substance gm. * gm. gm. 

Nitrogen* ...... 201.1 221.12 20.02— 
Sulphurt ....... 20.90 21.80 0.90— 
Phosphorust ... 30.20 28.70 1.50+ 
Calcium oxid?.. 28.40 32.49 4.09— 
Magnesium 3.74 4.30 0.56— 
1854.3 181.6 1672.7 + 


* Data for period of twelve days. 

+ Data for period of ten days. 
phosphorus was retained. The amount of earthy phosphates and 
total phosphates in the urine may be considered normal. 

4. In ten days 4.09 gm. of calcium oxid and 0.56 gm. of magnesium 
oxid were lost by this patient. A retention of phosphorus produced 
by feeding egg-yolk did not cause a retention of calcium. 

5. Evidence is produced to show that the loss of calcium may 
play a part in the production of the symptoms of myotonia congenita. 

6. The fat metabolism was normal in character, with an absorption 
of about 90 or 91 per cent. of the ingested fat. 

5737 Forbes St.~705 N. Highland Ave. 


STUDY OF A CASE OF APLASTIC ANEMIA * 


JOHN H. MUSSER, JR., M.D. 


PHILADELPHIA 


By the term “aplastic anemia” is understood a type of anemia dif- 
fering in many respects from ordinary types of primary or secondary 
anemia but marked especially by retrogressive changes in the bone- 
marrow which result in a change of the normal red marrow to a fatty 
marrow. The term was first used by Ehrlich’ in 1888, in connection 
with an anemia of this type following severe uterine hemorrhage. 

Isolated examples of aplastic anemia have since been reported and 
in 1908 Cabot* collected reports of 24 authentic cases and discarded 
11 other cases as incomplete or indefinite. In 1911 Hirschfeld* in 
a discussion of the pathogenesis of the malady, gives briefly the 
essential features of 44 cases, of which 3 had been rejected and 12 
accepted by Cabot. In the literature of the subject I have found 3 
other cases, reported respectively by Crummer,* by Stitt,’ and by 
Whipple® in the course of a paper on a different subject. These 59 
authenticated cases probably do not by any means represent all the cases 
of aplastic anemia that have occurred in the past twenty-six years, 
but merely those, for the most part, that include a necropsy. Post- 
mortem examination of the bone-marrow is usually considered essen- 
tial to an exact diagnosis. I believe, however, that the clinical course, 
the blood-findings and symptomatology in general are so typical and 
so unmistakable that the diagnosis can be readily made during the 
life of the patient, and I therefore have no hesitancy in reporting the 
following case, although it lacks the final evidence acquired only by 
the post-mortem examination. In connection with this report I present 
first a brief summary of our knowledge of aplastic anemia. 


*Submitted for publication, May 21, 1914. 
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GENERAL SUMMARY OF THE SUBJECT 


Etiology—lIn Cabot’s series the great majority of persons were 
under the age of 34, and in the additional cases that have been studied 
the same holds true: the disease is essentially one of early adult life. 
The extremes are respectively 5° and 68° years.” The ratio of the 
two sexes in 35 cases was males 20 to females 15. 

Clinical Course-——The course of the disease is rapid and pro- 
gressive. Dalton’® reports a case of a few days’ duration and 
Chauffard,"* the authenticity of whose figures may well be doubted, 
one of six years’ duration. The average course, however, is rarely 
more than a few weeks to one or two months, with rapid progression 
to a fatal termination. Larrabee’s case’ is the only one in which a 
frank remission occurred. In addition to the usual features of a 
progressive severe anemia, extremely characteristic is the tendency 
to subcutaneous hemorrhages and hemorrhages from mucous mem- 
branes. In some cases’* * 14?" it seems quite possible that the sud- 
den appearance of hemorrhage in an apparently healthy person, was 
the first manifestation of the disorder. Another symptom more com- 
mon than in the usual types of anemia, is fever, which often reaches 
a high point some time or other during the course of the disease. 

Blood-Picture—Most typical and characteristic is the blood-picture 
—a picture which is seen in no other blood disorder. Usually, when 
the condition is first recognized, a severe and intense anemia of the 
hemoglobin and red cells has already developed. The relation of 
the one to the other varies so that the index is claimed by some 
authors to be high,** while others’: * find a low color-index. The low 


7. Larrabee, R. C.: Aplastic Anemia, with Report of a Case, Am. Jour. 
Med. Sc., 1911, exlii, 57. 

8. Kurpjuweit, O.: Ueber letale Anamien im Greisenalter, Deutsch. Arch. f. 
klin. Med., 1905, Ixxxii, 423. 

9. Authenticity of the case dubious. 

10. Dalton, N.: Two Cases of Malignant Anemia, without Signs of Eryth- 
rocytolysis and Associated with Suppuration About the Jaws, Tr. Clin. Soc., 
London, 1904, xxxvii, 101. 

11. Chauffard, M.: Un cas d’anémie pernicieuse aplastique, Bulli. Soc. méd. 
d’hop., 1904, xxi, 313. 

12. Blumenthal, R.: Pathogénésie d’anémie aplastique, Arch. d. mal. du cceur, 
1907, v, 184 

13. Hirschfeld, H.: Ueber schwere Anamien ohne Regeneration des Knochen- 
marks, Berl. klin. Wehnschr., 1906, xliii, 546. 

14. Muir, R.: A Case of Purpura and Intense Anemia with Marked Deficiency 
in the Red Bone-Marrow, Brit. Med. Jour., 1900, ii, 909. 

15. Steinhaus, I., and Stordeur, L.: L’ anémie dite aplastique, Arch de meéd. 
expér. et d’anat. path., 1908, xx, 805. 

16. Carslaw, J., and Dunn, S.: Case of Aplastic Anemia, Glasgow Med. Jour., 
1910, Ixxiii, 331. 

17. Lavenson, R.: The Nature of Aplastic Anemia and Its Relation to Other 
Anemias, Am. Jour. Med. Sc., 1907, cxxxiii, 100. 
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color-index would seem to be the correct observation, because a high 
color-index is due either to megalocytes or erythroblasts in the periph- 
eral blood, both of which cells are absent from the peripheral circu- 
lation in the true types of aplastic anemias. The high color-index 
cases might well represent cases which have developed from the 
typical hyperchrome pernicious anemias, and show a tendency on the 
part of the marrow to regeneration of the megaloblastic type. Naegeli'* 
and M’Weeney”™ have pointed out the fact that a high color-index is 
indicative of blood regeneration. 


There is also a pronounced leukopenia. In one of Selling’s*® cases 
of benzol (benzene) poisoning with an aplastic picture, the leukocytes 
dropped to 140 per cubic millimeter before death, and in Krantz’s 
case*’ of bothriocephalus anemia with aplastic marrow, the total count 
was 800 per cubic millimeter. These figures represent extremes, but 
the counts in most cases rarely exceed 2,000 per cubic millimeter. The 
study of the morphology of the stained blood shows that the red 
cells are apparently normal in every respect. There is no poikilocytosis 
and no anisocytosis: the cells are normal in size with possibly a slight 
tendency to macrocytosis. Polychromatophilia and stippling of the 
red cells is absent. These observations are of interest, showing, as 
they do, that in anemias in which the bone-marrow is non-regenerative, 
there is no tendency to abnormal forms. In other words, there is 
definite evidence that red blood-cells, altered in shape and form prob- 
ably represent immature, rapidly formed cells, while polychromato- 
philia is found in cells which are not degenerative. Erythroblast 
cells of all types are practically entirely wanting and in extremely rare 
cases only are they found in the circulating blood. The differential 
leukocyte count readily accounts for the leukopenia. There is an 
absolute decrease in the number of granular leukocytes, the polynu- 
clear forms constitute but from 8 to 20 per cent. of all the forms 
and there is a relative increase in the percentage of lymphocytes, but 
no change in the actual number of these cells per cubic millimeter. 
The granular cells are almost absent, while not only the non-granular 


18. Naegeli, O.: Blutkrankheiten und Blutdiagnostik, Leipsic, von Veit & Co., 
1912, p. 136. 

19. M’Weeney, E. J.: A Case of Acute Aplastic Anemia, Jour. Path. and 
Bacteriol., 1909, xiv, 142. 

20. Selling, L.: Benzol as a Leukotoxin, Johns Hopkins Hospital Monographs, 
1913, new series, ii. 

21. Krantz, E.: Ueber Bothriozephalusanamie mit aplastichen Knochenmark, 
Inaug. Diss., Zurich, 1906, quoted in Folia haematol., 1907, iv, supp. bd., p. 245. 

22. Naegeli, O.: Blutkrankheiten und Blutdiagnostik, Leipsic, von Veit & Co., 
1912, p. 144. 
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cells are not decreased but also in some cases there is an absolute as 
well as relative increase.** ** 

This finding may be considered as contributing splendid evidence 
in favor of the polyphyletic theory of the origin of the blood-cells 
upheld by Blumenthal, Ehrlich, Morawitz, Naegeli, Sternberg,” etc. 
These authors claim that there are separate parent-cells for the myeloid 
and the lymphatic-cell series. The first, arising from the blood-vessel 
endothelium, gives rise to the myeloblast and erythroblast cells, ulti- 
mately becoming the granulocyte and forming the red cells; the latter 
series, arising from the lymph-vessel endothelium, gives rise to the 
lymphoblast and eventually the lymphocyte. The defenders of the 
monophyletic theory (Arnold, Grawitz, Dominici, Maximow, Pappen- 
heim, etc.) contend that all blood-cells arise from a common mother- 
ceil, the large lymphocyte or lymphoidocyte. 

If the lymphocytes arise anywhere in the hemopoietic system it 
would seem natural to suppose that their decrease would correspond 
with that of the other cells when the marrow, the chief source of all 
blood-cells, is functionless. If, however, they arise from a separate 
mother-cell whose origin is in the lymph-glands, it is entirely correct 
to assume that they would. be unchanged in the blood-picture of an 
anemia, the chief characteristic of which is the marrow aplasia. Very 
similarly might the absence of change in number of the lymphocytes 
be considered an argument in favor of the theory that these cells are 
developed almost entirely in the lymphoid structures. 

At necropsy the most characteristic finding is a complete and total 
aplasia of the bone-marrow of the long bones. There is an absence 
of erythroblastic tissue so that the normal red marrow is replaced by 
fat in which few, if any, cellular elements are discoverable. The spleen 
is of the hyperplastic type seen in pernicious anemia. There is in a 
few of the reported cases a definite hemosiderosis, but in the majority 
this finding is not reported. 

REPORT OF CASE 


The following case was seen in the service of Dr. Sailer at the 
Presbyterian Hospital while I was acting as his assistant and I am 
indebted to Dr. Sailer for the opportunity of studying it and for 


permission to report it. 


23. Larrabee’s case (see note 12) showed 4.567 per cubic millimeter ; Thomas 
and Rolleston’s case (see note 24) 60,460 per cubic millimeter; Muir’s case (see 
note 15) 4.900 per cubic millimeter. 

24. Thomas, W., and Rolleston, H. D.: Fatal Aplastic Anemia, Brit. Med. 


Jour., 1910, i, 16. 
25. Gruner, O. C.: Biology of the Blood-Cells, New York, William Wood & 


Co., 1914, p. 30. 
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History.—Linda R., aged 47, American, white, was admitted Jan. 27, 1914, 
and discharged January 30. The principal complaint was of great weakness and 
fever. 

Present Illness-——Dec. 1, 1913, the patient was told that she looked pale and 
sick. Between then and December 20 she noticed that she was gradually getting 
weaker. On December 20 she became so weak that she had to stop work for a 
few days. About this time she had great difficulty in keeping warm and her feet 
were continually cold. December 24 she worked for half a day, but then had to 
go to bed on account of weakness. She worked from January 1 to January 9, 
and again had to stop work, but occupied herself around the house until Jan. 
25, 1914, when she had to go to bed on account of extreme weakness and the 
appearance of fever. Patient had had no chills, sweats or pains. Once or twice 
she expectorated dark blood and blew dark blood from her nose. She has 
noticed in the past few weeks that the slightest knock will cause a large bruise 
which quickly disappears. Has a poor appetite, but no indigestion and bowels 
move regularly. For the last two weeks she has noticed edema of ankles and 
dyspnea on exertion. No frequency of urination; no cough. 

Previous History.-In childhood the patient had “intermittent fever”; is sub- 
ject to tonsillitis; claims her husband infected her with lues when she was 26 
years old; was treated for one year. One child was born which lived for three 
days. No miscarriages. Health otherwise always splendid. Had been a cashier 
in subway station for past three years. Eating habits are good, but drinks 
coffee to excess. Sleeps in a well-ventilated room. Moderate drinker of beer 
and occasionally whisky. Menses normal in every respect. 

Family History—Father and mother living and well. Does not live with 
husband. Four brothers and sisters living and well. 

Physical Examination.—Patient is apparently about 35 years old; large stature, 
well developed, rather fat and lying comfortably in dorsal decubitis. Skin is soft, 
moist and well nourished, but sallow. Eyes are normal, pupils equal and react 
to light and accommodation. Conjunctiva and mucous membranes pale, particu- 
larly in mouth. Teeth and gums in splendid condition. Tongue slightly coated 
and tremulous. No general adenopathy. No thyroid enlargement or abnormal 
neck pulsations. 

Thorax.—Large chest with good, free and symmetrical expansion, costo- 
abdominal type of breathing. There are no abnormal pulsations or thrills. Lungs 
exhibit normal percussion, fremitus and breath-sounds throughout. Heart 
borders: third rib, right border of sternum, fifth space, mid clavicular line. At 
the apex is heard a soft systolic murmur unmodified by breathing, which is not 
transmitted into axilla or over precordium. Pulse weak, rapid and of poor 
volume and tension. 

Abdomen.—Large, fat and everywhere soft. No palpable organs, no masses, 
no tenderness. Liver and spleen on percussion are not enlarged. 

Extremities —On left arm is a bruise 3 cm. in diameter with several small 
points of subcutaneous hemorrhage about it; similar spots on leg. On the inner 
side of the thigh is a small ulcer surrounded by minute purpuric spots which 
are also present on opposite leg. On the arm, following the use of the blood- 
pressure cuff, there developed a band of subcutaneous hemorrhagic extravasa- 
tion exactly limited by the borders of the cuff. Patellar reflexes normal. No 
Babinski. 

When admitted, patient’s temperature was 103.2 F., pulse 120, respiration 24. 
Blood-pressure : systolic, 132; diastolic, 75. Erythrocytes, 1,390,000. Hemoglobin, 
21 per cent. Leukocytes, 1,950. Differential count of leukocytes: large and small 
lymphocytes, 89 per cent. ; polymorphonuclear neutrophils, 11 per cent. Urine 
examination: specific gravity, 1.020; acid; albumin, trace; sugar, none; many 
white blood-cells; no casts; trace of bile. 

Examination by post-vital staining showed in 3,000 erythrocytes no skeined 
forms. Bleeding time, twenty minutes. Coagulation time, fourteen minutes 
(Dorrance coagulometer). 
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Resistance of erythrocytes to hypotonic salt solution: 
0.25 to 0.375 = Complete hemolysis 
= Almost complete hemolysis 
= Almost complete hemolysis 
= Fair hemolysis 
= Very slight hemolysis 
0.50 to 0.65 = No hemolysis 

Blood-culture negative; blood for Wassermann test taken, but through some 
error was misplaced. 

Treatment and Course——Temperature, pulse-rate and respiration remained 
practically unchanged the first forty-eight hours in hospital. During this time 
patient was apparently comfortable, entirely rational but very sluggish and willing 
to sleep all the time. During the last twelve hours before death the temperature 
gradually fell to 100.2; while the pulse-rate increased to 136 and the respiration 
to 36. January 29, second day after admission, patient passed some blood mixed 
with the feces. This was repeated in the next twenty-four hours and twice in 
addition there was a passage of about 600 cc. of dark clotted blood, the last 
several hours before death, which occurred at 9:05 a. m., January 30. The treat- 
ment was supporting and stimulating. Horse-serum, 20 c.c. was given after the 
first hemorrhage and calcium lactate was given in gram doses four times a day 
immediately after admission. 


DISCUSSION OF THE CASE 


This case presented so typically all the findings of aplastic anemia 
that we had no hesitancy in making that diagnosis. The etiology was 
obscure. So far as we could determine, the patient had been in good 
health up to the time the anemia was first noted. From then on the 
course was rapidly downward and in a short time terminated in death. 


The only possible etiologic factor was syphilis, but there was no 
definite proof that the patient had ever been infected ; certainly there 
was no gross evidence of activity of a syphilitic process. <A septice- 
mia might be thought of, but there was no primary focus; the tem- 
perature was markedly elevated but very regular; the blood-culture 
was negative. In differentiating the disorder some type of purpura 
hemorrhagica might have been diagnosed but in this case the purpura 
was undoubtedly a symptom, certainly not a disease sui generis, if it 
ever is; neither was there an antecedent anemia. This of course, 
could not be determined absolutely, but in view of the splendid previ- 
ous health of the patient it is safe to presume that she had not been 
a sufferer from pernicious anemia. These conditions are the only 
ones which might confuse the diagnosis ; but so typical was the blood- 
picture that the only sequence of events that might have occurred 
would have resulted from the secondary disablement of the bone- 
marrow by some toxicosis. 

In the study of the blood three observations about which very 
little has been written in this connection were made: 

1. The coagulation time and the bleeding-time were both consider- 
ably delayed, though in Whipple’s case® only the bleeding-time was 
prolonged. 
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2. I could find, employing the same technic with which I have been 
working in connection with another problem, no evidence of reticu- 
lated or skein-forms of red cells. The total absence of these cells 
would be expected, however, and would tend to show that the con- 
ception of Ferrata,** Hertz** and others that these cells are indicative 
of normal regeneration and are presumably young or unripe form of 
red cells, is correct.** 

3. In observing the resistance of the red cells to hypotonic salt 
solution, it was found that the maximal resistance was decreased while 
the minimal resistance was unchanged. This may be interpreted as 
showing that there was almost a total absence of the younger cells, 
the most resistant of all cells, while the old cells in every respect are 
normal and, not acted on by hemolysins, preserved the same ability 
that they normally possess to resist various strengths of hypotonic 
salt solution. 

The experimental evidence of the first portion of this surmise is 
found in a recent work of Handrick,** who employed saponin to pro- 
duce artificial anemia. He found that this poison, whose action is 
largely on the marrow, caused a decrease in the maximal resistance 
of the red cells while the minimal resistance was lessened. In other 
words, in the myelopathic type of anemia, in which there is non- 
functionary marrow and consequently an absence of young forms, 
there develops a decrease in the maximal resistance. That it also 
causes a decrease in the minimal resistance is, however, dubious. 
Handrick used saponin in such strengths that the poison, while throw- 
ing the marrow out of commission also acted as a hemolysin. The 
rapidity with which the blood-counts fell—a high-grade anemia was 
evident in two days—could be explained only by the hemolysis of the 
red cells. This cannot be explained by a myelopathy decrease. As 
shown by Zoja,* the life of the erythrocyte is ten days. Failure of 
regeneration of the marrow for two days would only cause a reduc- 
tion of the cells equivalent to one-fifth of the total number, an 
anemia much slighter than that Handrick obtained. It is therefore 
fair to assume that the diminished minimal resistance is due to the 
increased fragility of the red cells that occur in any hemolytic anemia 


26. Ferrata, A.: Ueber die klinische und morphologische Bedeutung der vital- 
farbbern Substanz und die basophile Punktierung der Erythrozyten, Folia 
haematol., 1910, ix, 253. 

27. Hertz, R.: Hématies granuleuses et ponctuées, Arch. d. mal. du cceur, 
1913, v, 29. 

28. Handrick, E.: Ueber die Béeinflussung der Resistenz der roten Blutk6ér- 
perchen durch hamatoxische Substanzen, Deutsch. Arch. f. klin. Med., 1912, 
evii, 312. 

29. Zoja, quoted by Gruner: Biology of the Blood-Cells, New York, William 
Wood & Co., 1914, p. 73. 
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of acute character before there is the compensatory increased resist- 
ance that is set up by hemolytic substances sooner or later. 

Morawitz and Pratt,®° Itami and Pratt,** and Rosenthal** have 
shown with phenylhydrazin, benzidin and blood poisons that the min- 
imal and the maximal resistance, particularly the latter, is much 
increased : but these observations are on animals poisoned by long-con- 
tinued administration of toxic substances with resultant active regen- 
eration of the red cells. This increased resistance of the erythrocytes 
of experimentally induced anemia of animals, as shown by Snapper,** 
is an evidence of the presence of young erythrocytes. 


PATHOGENESIS 


In considering the pathogenesis of aplastic anemia it should be 
borne in mind that, considering their genesis, there are three main 
groups of anemias: (1) the type that occurs as a result of hemorrhage, 
acute or repeated; (2) the type that depends on primary disease of 
the marrow and is exemplified by the anemia that occurs in the course 
of leukemia or of osteosclerosis; (3) the type of anemia which 
depends on a direct or indirect destructive action of some toxin on the 
red cells, in which category are included the ordinary types of anemias 
secondary to some evident cause (not hemorrhage, however), the 
phanerogenetic anemias and the so-called primary, pernicious, idio- 
pathic, Addisonian or “Biermerschen” anemia. The classification of 
aplastic anemia has evoked extensive discussion, which has been, for 
the most part, whether it should be considered as coming under one 
of the main varieties or as a subvariety of pernicious or secondary 
anemia. Gulland and Goodall** claim to have seen aplastic anemia 
when death has followed repeated or continuous hemorrhage, when 
it was due to a severe toxin of unknown cause acting on a marrow 
inherently weak, and when it occurred as a last stage of pernicious 
anemia. 

Hirschfeld,® in discussing the pathogenesis of aplastic anemia, says 
that it is considered by Pappenheim and von Grawitz as a type of idio- 
pathic pernicious anemia which runs a non-regenerative course; by 


30. Morawitz, P., and Pratt, J.: Einige Beobachtungen bei experimentellen 
Anamien, Miinchen. med. Wchnschr., 1908, lv, 1817. 

31. Itami, S., and Pratt, J.: Ueber Veranderungen der Resistenz und der 
Stromata roten Blutkérperchen bei experimentellen Anamien, Biochem. Ztschr., 
1909, xviii, 302. 

32. Rosenthal, R. F.: Die sogenannte Pachydermie der Erythrozyten bei 
Phenylhydrazinanamie, Folia haematol., 1910, x, 253. 

33. Snapper, J.: Einfluss des Auswaschens auf der Resistenz dez roten Blut- 
kérperchen, Biochem. Ztschr., 1912, xxiii, 266. 

34. Gulland and Goodall: The Blood, New York, E. B. Treat & Co., 1912, 
p. 155. 
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Naegeli as a special type of pernicious anemia; by Ziegler as the 
severest form of anemia; while Helly and Bloch assert that it depends 
on primary weakness of the bone-marrow. 

Tirk® divides anemias into four etiologic classes and considers 
aplastic anemia as a subtype of chronic hemolytic anemia. 

Deganello*® believes, with the French school, that aplastic anemia 
is provoked by an intense blood destruction, accompanied by anhéma- 
topoiese. 

Lavenson® in a paper read before the Association of American 
Physicians in 1906 concludes that aplastic anemia is always a form of 
pernicious anemia. In the discussion Stengel agreed with that opinion, 
while Thayer felt that there is a sharp distinction between the two 
types. 

Cabot** believes that the disorder differs in degree only from the 
ordinary pernicious anemia, while Carslaw and Dunn" believe that 
the disorder is not a specific disease but depends on a number of 
causes; the failure of the marrow to regenerate depends either on 
excessive action of the toxin or on individual susceptibility. 

Blumenthal® considers aplastic anemia the last stage in the series 
of the anemias and that it is generally secondary to some incessant 
hemorrhage. 

Sufficient authorities are quoted to show that aplastic anemia is 
considered to arise (1) as secondary to repeated hemorrhage, or (2) 
as secondary to the destructive action of some toxin on the erythro- 
cytes without the action being hindered by an adequate regenerative 
process of the marrow, or (3) as a type of pernicious anemia. The 
opinion is certainly not extensively held that the disorder is due to 
a primary disturbance of the bone-marrow induced by a toxin which 
spends itself largely on the marrow, but such a condition is quite 
possible and, in the light of recent hematologic work, in many ways 
seems to be more probable than the theories which attribute the condi- 
tion to a primary loss or destruction of the red cells. 

The view first advanced by Ehrlich’ and recently reviewed by 
Blumenthal"* that the aplasia is the result of failure of the bone- 
marrow to react to the strain thrown on it by repeated hemorrhage, 
seems to be controverted by the experimental work of Blumenthal 


35. Tiirk, W.: Quoted by A. Pappenheim, Folia haematol., 1913, xiii (Zentral- 
organ), p. 275. 

36. Deganello: Purpura hemorrhagique et anémie aplastique aigué, Gazz. d. 
osp., July 4, 1909, quoted in Arch. d. mal. cceur, 1910, iii, 760. 

37. Lavenson, R.: Aplastic Anemia, Tr. Assn. Am. Phys., 1906, xxi, 307. 

38. Cabot, R. C.: Osler’s System, Philadelphia, Lea & Febiger, iv, 611. 

39. Blumenthal, R.: Ueber aplastische Anamie, Deutsch. Arch. f. klin. Med., 
1907, xc, 132. 
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himself working with Morawitz.*° These authors produced an anemia 
by frequently repeated bleedings, causing a lowering of the hemo- 
globin and red-cell count but having practically no effect on the leuko- 
cyte count except perhaps to increase the total number of cells per 
cubic millimeter, and the percentage of polynuclears. They produced 
bone-marrow changes which reminded them somewhat of aplastic 
marrow ; degenerative changes of the marrow were produced but the 
typical aplastic yellow fat marrow was not. These authors them- 
selves say that the blood-picture cannot be looked on as one of typical 
anemia on account of the leukocyte picture and that such a result 
might be achieved perhaps if the bleeding were continued for a long 
time—a consideration which is contrary to the onset and course of 
the disease clinically. Experimentally, then, evidence is lacking that 
repeated hemorrhage causes aplastic anemia ; while in those cases that 
have been reported clinically as aplastic anemias following hemor- 
rhage, I have no doubt that the hemorrhage did not initiate the dis- 
order but was merely the first of those symptomatic hemorrhages that 
occur during the course of practically all the reported cases, and which 
were so severe in the case here reported. 

To compare aplastic anemia to pernicious anemia it will be neces- 
sary first to discuss the theories of the genesis of this type of anemia. 
At one time the idea was wide-spread that the disease was due to a 
primary disorder of the bone-marrow, either as a functional asthenia 
or as the result of. some toxin acting on the marrow specifically. These 
views, based on the hypothesis that changes in the marrow result in 
the liberation of immature cells which are more readily destroyed than 
the normal cells, causing extensive hemosiderosis, have been very gen- 
erally discarded, particularly since more recent hematologic work has 
shown that the young erythrocytes are the most resistant. In place 
of these theories, the view that pernicious anemia is the result of 
primary hemotoxicosis, the toxic agent affecting the blood alone or the 
marrow also in part, has gained great credence; or as Naegeli* 
expresses it, pernicious anemia is a very constant toxigenetic anemia, 
brought on by toxins from various sources. 

These toxins may act in three ways: (1) as hemolytic agents act- 
ing directly on the red cells in the general circulation (or in the 
portal circulation — Addisonian anemia) ;*' (2) as agents causing 
increased vulnerability of the red cells which are consequently more 
readily destroyed by the hemolytic tissues; (3) as stimulants to the 
hemolytic tissues causing a hyperhemolytic action on their part. 


40. Blumenthal, R., and Morawitz, P.: Experimentelle Untersuchungen iiber 
post-hamorrhagische Anamien und ihre Beziehungen zur aplastischen Anamien, 
Deutsch. Arch. f. klin. Med., 1907, xcii, 25. 

41. Hunter, W. K.: Recent Advances in Hematology, New York, William 
Wood & Co., 1912, p. 66. 
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The first view has been discredited by the work of M’Neil,‘* who 
has shown that the blood-serums in cases of pernicious anemia do not 
hemolyze washed corpuscles of normal individuals. Either of the 
latter two theories may be correct. 

It has been shown that the view that pernicious anemia depends 
on excessive hemolysis of the red cells, no matter how produced, is 
essentially correct or at least is generally conceded. Now if we expect 
to prove that aplastic anemia is merely a variety or subgroup of 
pernicious anemia in which the bone-marrow has failed to respond to 
the unusual calls made on it by excessive hemolysis, it will be nec- 
essary to show that such hemolysis has taken place. 

In considering the intra-vitam evidence we know that we are deal- 
ing with a disorder that is essentially acute and rapid in its course. 
A hemolysin that will produce such a rapidly developing anemia must 
naturally cause evidence of excessive and rapid hemolysis, of which 
we should expect to get some clinical manifestation. Such, however, 
is not the case. There is no evidence of urobilogenuria nor of jaun- 
dice, nor is the resistance of the erythrocytes to hypotonic salt solu- 
tion decreased as we find it is experimentally when hemolytic immune 
serum is injected into animais.** In cases of acute or exaggerated 
hemolytic anemias, so-called, the course of the disease is frequently 
rapid ; intermissions may occur; the blood-picture is similar to that of 
aplastic anemia only in the anemia of the red cells and the hemoglobin, 
but otherwise varies markedly. 

These differences are well exemplified in a recent article by 
Garsbock,** who reports three cases of hemolytic anemia. The clinical 
differences between aplastic anemia and these cases of acute hemo- 
lytic anemia is most striking. In these cases there was found post- 
mortem evidence of wide-spread hemolysis throughout the tissues 
while the marrow was a dark red hyperfunctioning marrow, findings 
directly opposed to those found in aplastic anemia. Similarly, experi- 
mentally acute hemolytic anemias produced in animals show at 
necropsy a red normoblastic marrow which has responded promptly 
to the sudden call made on it.** 
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If the relationship of pernicious anemia, a type of chronic hemolytic 
anemia, to aplastic anemia be considered from the clinical point of 
view, it must be conceded that there is no similarity whatsoever 
between them in the course of the disease, in the blood-picture or in 
the other findings. This difference is explained on the basis of failure 
of the marrow to react to the usual demand on it, consequently with the 
rapidly developing anemia, with the variation in the resistance of the 
erythrocytes, the absence of the erythroblasts, and so on. The tend- 
ency to subcutaneous and other hemorrhages is considered a peculiar 
and marked evidence of hemolysis. If the marrow causes these 
changes and results in the dissimilarity between aplastic and pernicious 
anemia, then evidence must be sought in the post-mortem changes in 
order to establish adequate relationship between the two. One of the 
most characteristic changes found in those dead of pernicious anemia 
is the intense hemosiderosis of the liver, spleen and lymph-glands. 
Except in a few cases, for example, those reported by Lavenson," 
Deganello,** Stone,** and Muir,"® there is almost a total absence of 
any report of these findings. Moreover, the cases mentioned above 
were all accompanied by extensive hemorrhage into the tissues, suf- 
ficient cause for the presence of iron pigment. In addition, accord- 
ing to the post-mortem reports, there is very little evidence of exces- 
sive hemolysis in the spleen and hemolymph glands such as occurs in 
pernicious anemia. The bone-marrow differences are also marked, 
the fat aplastic marrow on the one hand contrasted with the rich red 
megaloblastic marrow on the other. The latter variety of marrow may 
be produced experimentally by long-continued injections of hemolytic 
agents,*® while the latter marrow can be produced only by toxins 
which apparently have no hemolytic effect, for example, benzol.*° 

Similarly, if secondary anemia as seen in severe infections, in 
malaria, in syphilis, in drug poisoning, etc., is due to excessive hemol- 
ysis of the red cells, the variations between it and aplastic anemia 
are most pronounced and the same arguments hold good as with the 
primary hemolytic anemias. If, however, secondary anemia is con- 
ceded to occur in which the toxicosis is one affecting the bone-marrow 
primarily and chiefly, then a very definite and close relationship 
between it and aplastic anemia can be drawn. 

That the marrow changes in aplastic anemia are primary, I believe 
for the following reasons: The resistance of the red cells is not that of 
a hemolytic or pernicious anemia; the blood-picture, the chief char- 
acteristic of which is the total lack of evidence of any regeneration of 
red cells or formation of leukocytes, and the clinical courses are 
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entirely dissimilar; while the marrow examination and other post- 
mortem changes are very different from that of a hemolytic anemia, 
whether produced experimentally or seen at the necropsy of a patient 
dead of hemolytic or pernicious anemia. The main reason for the 
belief that aplastic anemia cannot exist as a primary disturbance of 
the bone-marrow is the fact that it has never been produced experi- 
mentally. Now, however, that Selling’s*’ work on benzol poisoning 
has appeared, this fact cannot be brought as an argument against the 
existence of this disorder as a primary disturbance of the marrow. 

Selling noted in these cases of benzol poisoning the typical picture 
of aplastic anemia which induced him to try experimentally to pro- 
duce aplastic anemia with benzol and to study the effect of benzol 
poisoning.*° In this work he shows that benzol is a powerful leuko- 
toxin “but the circulating erythrocytes are injured relatively little.” 
The degree of anemia produced experimentally is no more than could 
be accounted for by natural cell-death. 

When the poison is given in repeated doses, the hemopoietic organs 
are rendered almost aplastic, so that in the long bones the final stages 
of the poisoning are accompanied by an almost complete aplasia of 
the marrow. As with arsenic and other destructive agents, the toxins 
act as a stimulant to the marrow, and here and there may be found 
small areas of hyperplastic marrow. I consider this an extremely 
important observation, because one of the important arguments against 
the entity of aplastic anemia is that in some of the post mortems in 
these cases, areas of active marrow are found** and hence aplastic 
marrow is considered to differ in degree only from that of the usual 
hemolytic anemia. 

Gruner®® considers the term “aplastic” as a misnomer because there 
must be some regeneration. This contention, that to have a true 
aplastic anemia there can be no regeneration of the red cells, is ques- 
tionable. What toxin is there that will so act that an entire organ 
is at once rendered degenerative? Some parts of the organ must be 
more resistant than others, nor can the toxin spend itself equally on 
all parts. 

If it has been shown experimentally that certain toxins can pri- 
marily affect the marrow (and I believe it has been so shown) with- 
out any evidence of blood destruction, there seems to be no necessity 
of speculating on various hypotheses which have not been experi- 
mentally demonstrated. Clinically, in a certain number of cases, I 
believe the myelotoxin has been demonstrated intra vitam. By that 
I mean that the cases of aplastic anemia that have been reported with 
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a definite known cause,'* * are due to toxins which 
spend themselves on the marrow alone. In several of these cases*’* 


the toxin, of bacterial origin, may have been a specific poison to the 
marrow, just as benzol is. In the other cases, noxious agents which 
normally act in a certain way may have either become perverted so 
that, contrary to their usual action, they had a selective action on the 
marrow or else they acted on a marrow which was particularly sus- 
ceptible or inherently weak, so that degenerative changes resulted 
before the usual manifestations of the toxin had time to express 
themselves. 
SUMMARY 


If we accept Pappenheim’s® idea, a most rational and convincing 
theory, that all anemias are secondary, there can be no question but 
that aplastic anemia is a secondary anemia; an anemia, however, that 
is secondary to primary marrow-changes alone, and has no relation 
to the ordinary types of phanerogenetic anemias or to the so-called 
primary pernicious anemias, which are the result of primary hemol- 
ysis. Representing a type of hemopoietic degeneration, as such it 
should be considered as a nosologic entity and should not be con- 
sidered merely a type of anemia secondary to some known or unknown 
hemolytic process. Aplastic anemia is an anemia secondary to marrow 
changes which in turn are dependent on some known or unknown cause. 

1911 Pine Street. 
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